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We were delighted when we were asked to write a seeond edition of the popular Fundamentals of 
AnatomyandPhysìologyforStudentNurses. Jhe first edition has been a very popular ehoiee not only 
with student nurses but also with students in other healtheare professions and this has been 
refleeted in the title of this seeond edition. The seeond edition of Fundamentals of Anatomy and 
PhysiologyforNursing andFlealtheareStudents retains all of the attributes in the popular first edition 
as well as a whole range of new features in this book and also through the eompanion websites. 

Those contributing to the text are all dedieated to the provision of high-quality, safe and 
effeetive eare. The authors are all experienced aeademies working in higher education, with 
many years of elinieal experience, knowledge and skills, teaehing a variety of multidisciplinary 
student groups at various aeademie levels. We are eonfident that after you have gained a sound 
understanding of anatomy and physiology you will be able to understand better the needs of 
the people you have the privilege to eare for. High-quality, safe and effeetive eare for all is 
something all of us should strive to provide; however, this will be a ehallenge if we do not fully 
appreeiate the person in a holistie manner.Those who provide eare have to take into eonsidera- 
tion the anatomieal and physiologieal elements, but they must also eonsider the psyehosoeial 
aspeets of the person and their family, addressing the needs of the whole being, the whole 
person.This text has been devised in such a way as to encourage learning and understanding. 
We hope you enjoy reading it, and more importantly that you are hungry to learn more, that you 
will be tempted to delve deeper as you grow and develop into beeoming a provider of healtheare 
that is world elass, safe and effeetive. 

The eompanion to this book, Fundamentals ofApplied Pathophysiology: An Essential Guìde for 
Nursing and Flealtheare Students (Nair and Peate, 2013), also in its seeond edition, will help in 
your development and understanding. Within your programme of study which is related to the 
provision of eare it is important that you are eonfident and eompetent with regards to patho- 
physiology and anatomy and physiology. It is not enough that you remember all of the faets 
(and there are many of these) that are linked with anatomy and physiology; you also have to 
relate these to those you eare for. Some of those people may be vulnerable and at risk of harm, 
and it is your responsibility to ensure that you are knowledgeable and that you understand the 
complexities of eare. This new edition of Fundamentals of Anatomy and Physìology for Nursing 
and Flealtheare Students will help you. 

It is a requirement of several programmes of study that lead to registration with a professional 
body that you demonstrate eompetenee in a number of spheres, and this will include anatomy 
and physiology- for example, seeThe Standardsfor Pre-Registration Nursing Education (Nursing 
and l\/lidwifery Council, 2010). 

The human body is as beautiful on the inside as it is on the outside; when working in harmony 
the mind and body is an astonishing meehanism that has the eapaeity to perform a range of 
amazing things. Healtheare students praetise and study in a number of healtheare settings, in 
the hospital and the primary-eare setting and in the person's own home where they are destined 
to meet and eare for patients with a range of altered anatomieal and physiologieal problems. 
Employing a fundamental approaeh with a sound anatomieal and physiologieal understanding 
will provide healtheare students with an essential basis on which to provide eare. 
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Anatomy and physìology 

Anatomy ean be defined simply as the seienee related to the study of the structure of biologieal 
organisms; there are dietionaries that use such a definition. Fundamentals of Anatomy and 
Physiology for Narsing andHealtheareStadents focuses on human anatomy, and the definition of 
anatomy for the purposes of this text is that it is a study of the structure and function of the 
human body.This allovvs for referenee to function and also structure; in all biologieal organisms 
structure and function are elosely intereonneeted. The human body ean only operate through 
interrelated systems. 

The term anatomy is Greek in origin and meansTo cut up'orTo disseet'. The first seientifieally 
based anatomieal studies (eredited to Vesalius, the 16 th-century Flemish anatomist doetor and 
artist) vvere based on observations of eadavers (dead bodies). Gontemporary approaehes to 
human anatomy differ, hovvever, as they include other vvays of observation; for example, vvith the 
aid of a mieroseope and other complex and teehnologieally advaneed imaging tools. Subdivisions 
are novv assoeiated vvithin the broader field of anatomy, vvith the vvord anatomy often preeeded 
vvith an adjeetive identifying the method of observation; for example, gross anatomy (the study 
of body parts that are visible to the naked eye, such as the heart or the bones) or mieroanatomy 
(vvhere body parts such as eells or tissues are only visible vvith the use of a mieroseope). 

Living systems ean be defined from a number of perspeetives: 

• At the very smallest level, the ehemieal level, atoms, molecules and the ehemieal bonds 
eonneeting atoms provide the structure upon vvhieh living aetivity is based. 

• The smallest unit of life is the eell. Speeialised bodies - organelles - vvithin the eell perform 
particular cellular functions. Gells may be speeialised; for example, bone eells and muscle 
eells. 

• Tissue is a group of eells that are similar and they perform a eommon function. l\/luscle tissue, 
for example, is made up of muscle eells. 

• Organs are groups of different types of tissues vvorking together to earry out a speeifie aetivity. 
The stomaeh, for example, is an organ made up of muscle, nerve and tissues. 

• A system is tvvo or more organs that vvork together to earry out a speeifie aetivity. The digestive 
system, for example, eomprises the eoordinated aetivities of a number of organs, including 
the stomaeh, intestines, panereas and liver. 

• Another system that possesses the eharaeteristies of living things is an organism; this has the 
ability to obtain and proeess energy, the eapaeity to reaet to ehanges in the environment and 
the ability to reproduce. 

As anatomy is assoeiated vvith the function of a living organism it is almost alvvays inseparable 
from physiology. Physiology ean be deseribed as the seienee dealing vvith the study of the 
function of eells, tissues, organs and organisms. Physiology is eoneerned vvith hovv an organism 
earries out its many aetivities, eonsidering hovv it moves, hovv it is nourished, hovv it adapts to 
ehanging environments - human and animal, hostile and friendly. It is in essenee the study of life. 

Physiology is the foundation upon vvhieh vve build our knovvledge of vvhat life is; it ean help us 
to deeide hovv to treat disease as vvell as help us to adapt and manage ehanges imposed on our 
bodies by nevv and ehanging surroundings - internal and external. Studying physiology vvill 
help you understand disease (pathophysiology) arising from this; physiologists vvorking vvith 
others are able to develop nevv vvays for treating diseases. 

Just as there are a number of branehes of anatomieal study, so too are there a number of 
physiologieal branehes that ean be studied; for example, endoerinology, neurology and 
eardiology. 
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There are 17 ehapters. The text is not intended to be read from eover to eover, but you may 
find reading ehapters one to four first will help you eome to terms with some of the more eom- 
plex eoneepts; we would encourage you to dip in and out of the book.The ehapters use simple 
and generously sized full-colour artwork in order to assist you in your understanding and 
appreeiation of the complexities assoeiated with the human body from an anatomieal and 
physiologieal perspeetive. There are many features eontained within eaeh ehapter that ean 
help you to build upon and develop your knowledge base; we would encourage you to get the 
most out of this book. 

The text takes the reader from the mieroseopie to maeroseopie level in the study of anatomy 
and physiology. The eontents demonstrate the movement from eells and tissues through to 
systems. This approaeh to teaehing is a tried-and-tested approaeh, espeeially when helping 
learners understand a topie area that ean sometimes be seen as complex. 

This book has been written with these key prineiples in mind, to help inform your praetiee as 
well as your aeademie work. This seeond edition retains the features that have helped students 
bring to life the faseinating subject of human anatomy and physiology; there is also a range of 
new features provided to further enhanee the student experience. 

Eaeh ehapter begins with several questions that are posed to test your current knowledge; 
this allows you to pre-test. Learning outcomes are provided.These will eover the eontent within 
the ehapter, but only you ean do the learning; these outcomes are what are expected of you 
after reading and absorbing the information.This is a minimum of what you ean learn; do not be 
eonstrained by the learning outcomes, they are only provided to guide you. Where appropriate 
an anatomieal map is provided; this is related to the ehapter you are reading, allowing you to 
'situate or visualise'the anatomy being discussed. 

Another feature in most of the ehapters that is provided to help you eonsider people you eare 
for, to help you make elinieal links, is the 'dinieal eonsiderations' box. These boxes demonstrate 
the applieation to your learning, eiting speeifie eare issues that you may eome aeross when 
working with people in eare settings. 

A new addition is the feature ealled 'Medieines management'. In this feature the contributors 
discuss the administration of medieines, medieine management issues. This addition ean help 
you appreeiate the importanee of understanding anatomy and physiology with the intention of 
administering medieines safely and effeetively. 

In most ehapters there is a series of snapshots.This newaddition relates the theory to praetiee, 
introducing you to the issues being discussed in a praetieal way. 

At the end of the chapteryou are provided with a bankof multiple ehoiee questions. Some of 
the answers to the questions are not found in the text; in this ease you are encouraged to seek 
out the answers and in so doing develop your learning further. 

Other features provided will help you measure the learning that has taken plaee; for example, 
true or false, label the diagram, find out more, crosswords or word searehes. These are meant to 
be fun, but they also aim to pull together the eontent of the ehapter. 

The feature'Conditions'at the end of the ehapter provides you with a list of eonditions that are 
assoeiated with the topies discussed in the ehapter. You are encouraged to take some time to 
write notes about eaeh of the eonditions listed; this will help you relate theory to praetiee. You 
ean make your notes taken from other textbooks or other resources - for example, the people 
you work with in a eare area - or you may make the notes as a result of people you have eared 
for. It is important however, that if you are making notes about people you have eared for you 
must ensure that you adhere to the rules of eonfidentiality. 

At the end of every ehapter a glossary of terms is provided. We present this to faeilitate the 
learning of difficult words or phrases; understanding these words and phrases is important to 
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your success as a healtheare stuclent. When you have mastered the words your medieal 
vocabulary will have grown and you will be in a better position to develop it further. 

We have, in this new edition, included a list of prefixes and suffixes as well a table of normal 
values. 

A myriad of features have been eompiled to help your learning with two eompanion websites. 
The features include an interaetive glossary and a series of ease studies with the intention of 
bringing alive the subject matter.The eleetronie resources assoeiated with this bookare designed 
to help enhanee your learning; they are varied and informative and are visually stimulating. 

The advantages of these resources are that they ean be used in your own plaee at your own 
paee. The aim is to encourage further learning and to build upon what you know already. There 
are also links to other resources via the further reading seetion at the end of the ehapters. 

Llsing the eleetronie resources alongside the book, as well as the human resources you will 
meet in praetiee, will enhanee the quality of your learning. The eleetronie resources available 
eannot replaee the more eonventional faee-to-faee learning with other students, lecturers, 
registered praetitioners and patients; they eomplement it. 

We have enjoyed writing this seeond edition and we sineerely hope you enjoy reading it. 
We wish you much success with your studies, whether they are in the elassroom or in the many 
eare areas that you might find yourself working. 
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Prefix: A prefix is positioned at the beginning of a word to modify or ehange its meaning. Pre 
means'before' Prefixes may also indieate a loeation, number, or time. 


Suffix:The ending part of a word that ehanges the meaning of the word. 


Prefix or suffíx 

Meaning 

Example(s) 

a-, an- 

not, without 

analgesie, apathy 

ab- 

fronn; away from 

abduction 

abdomín(o)- 

of or relating to the abdomen 

abdomen 

acous(ío)- 

of or relating to hearing 

acoumeter, acoustician 

aer(o)- 

extremity, topmost 

aeroerany, aeromegaly, 
aeroosteolysis, aeroposthia 

ad- 

at, inerease, on, toward 

adduction 

aden(o)-, aden(í)- 

of or relating to a gland 

adenoeareinoma, adenology, 
adenotome, adenotyphus 

adíp(o)- 

of or relating to fat or fatty tissue 

adipoeyte 

adren(o)- 

of or relating to adrenal glands 

adrenal artery 

-aemía 

blood eondition 

anaemia 

aer(o)- 

air, gas 

aerosinusitis 

-aesthesi(o)- 

sensation 

anaesthesia 

alb- 

denoting a white or pale colour 

albino 

-alge(si)- 

pain 

analgesie 

-algia, -alg(i)o- 

pain 

myalgia 

all(o-) 

denoting something as different, or as an 
addition 

alloantigen, allopathy 

ambi- 

denoting something as positioned on 
both sides 

ambidextrous 

amni- 

pertaining to the membranous foetal sae 
(amnion) 

amnioeentesis 

ana- 

baek, again, up 

anaplasia 

andr(o)- 

pertaining to a man 

android, andrology 

angi(o)- 

blood vessel 

angiogram 
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Prefíx or suffìx 

Meaníng 

Example(s) 

ankyl(o)-,ancyl(o)- 

denoting something as erooked or bent 

ankylosis 

ante- 

deseribing something as positioned in 
front of another thing 

antepartum 

antì- 

deseribing something as'against'or 
'opposed to'another 

antibody, antipsyehotie 

arterí(o)- 

of or pertaining to an artery 

arteriole, arterial 

arthr(o)- 

of or pertaining to the joints, limbs 

arthritis 

artícul(o)- 

Joint 

articulation 

-ase 

enzyme 

laetase 

-asthenìa 

vveakness 

myasthenia gravis 

ather(o)- 

fatty deposit, soft gruel-like deposit 

atheroselerosis 

atrì(o)- 

an atrium (espeeially heart atrium) 

atrioventricular 

aur(í)- 

of or pertaining to the ear 

aural 

aut(o)- 

self 

autoimmune 

axìll- 

of or pertaining to the armpit 
(uncommon as a prefix) 

axilla 

bì- 

tvviee, double 

binary 

bìo- 

life 

biology 

blephar(o)- 

of or pertaining to the eyelid 

blepharoplast 

braehí(o)- 

of or relating to the arm 

brachium of inferior colliculus 

brady- 

'slovv' 

bradyeardia 

broneh(í)- 

bronchus 

bronehiolitis obliterans 

bucc(o)- 

of or pertaining to the eheek 

buccolabial 

burs(o)- 

bursa (fluid sae betvveen the bones) 

bursitis 

eareín(o)- 

eaneer 

eareinoma 

eardí(o)- 

of or pertaining to the heart 

eardiology 

earp(o)- 

of or pertaining to the vvrist 

earpopedal 

-eele 

pouching, hernia 

hydroeele, varieoeele 

-eentesís 

surgical puncture for aspiration 

amnioeentesis 

eephal(o)- 

of or pertaining to the head (as a vvhole) 

eephalalgy 

eerebell(o)- 

of or pertaining to the cerebellum 

cerebellum 

eerebr(o)- 

of or pertaining to the brain 

eerebrology 

ehem(o)- 

ehemistry, drug 

ehemotherapy 
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Prefìx or suffíx 

Meaning 

Example(s) 

chol(e)- 

of or pertaining to bile 

eholeeystitis 

eholeeyst(o)- 

of or pertaining to the gallbladder 

eholeeysteetomy 

chondr(ì)o- 

eartilage, gristle, granule, granular 

ehondroealeinosis 

ehrom(ato)- 

colour 

haemoehromatosis 

-eídal, -eide 

killing, destroying 

baeterioeidal 

eílí- 

of or pertaining to the eilia, the eyelashes 

eiliary 

círcum- 

denoting something as'around'another 

circumcision 

eol(o)-, eolono- 

eolon 

eolonoseopy 

eolp(o)- 

of or pertaining to the vagina 

eolposeopy 

eontra- 

against 

eontraindieate 

eoron(o)- 

crown 

eoronary 

eost(o)- 

of or pertaining to the ribs 

eostoehondral 

eraní(o)- 

belonging or relating to the cranium 

eraniology 

-erine,-erin(o)- 

to seerete 

endoerine 

ery(o)- 

eold 

eryoablation 

cutane- 

skin 

subcutaneous 

eyan(o)- 

denotes a blue colour 

eyanosis 

eyst(o)-, eyst(i)- 

of or pertaining to the urinary bladder 

eystotomy 

eyt(o)- 

eell 

eytokine 

-eyte 

eell 

leukocyte 

-daetyl(o)- 

of or pertaining to a finger, toe 

daetylology, polydaetyly 

dent- 

of or pertaining to teeth 

dentist 

dermat(o)-, derm(o)- 

of or pertaining to the skin 

dermatology 

-desis 

binding 

arthrodesis 

dextr(o)- 

right, on the right side 

dextrocardia 

di- 

two 

diplopia 

dia- 

through, during, aeross 

dialysis 

dif- 

apart, separation 

different 

digit- 

of or pertaining to the finger (rare as a 
root) 

digit 

-dipsia 

suffix meaning'(condition of) thirst' 

polydipsia, hydroadipsia, 
oligodipsia 

dors(o)-, dors(i)- 

of or pertaining to the baek 

dorsal, dorsoeephalad 
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Prefìx or suffìx 

Meaning 

Example(s) 

duodeno- 

duodenunn 

duodenal atresia 

dynam(o)- 

foree, energy, power 

hand strength dynamometer 

-dynía 

pain 

vulvodynia 

dys- 

bad, diffìcult, defeetive, abnormal 

dysphagia, dysphasia 

ec- 

out, away 

eetopia, eetopie pregnaney 

-eetasìa, -eetasìs 

expansion, dilation 

bronehieetasis, telangieetasia 

eet(o)- 

outer, outside 

eetoblast, eetoderm 

-eetomy 

denotes a surgical operation or removal 
of a body part; reseetion, excision 

masteetomy 

-emesìs 

vomiting eondition 

haematemesis 

eneephal(o)- 

of or pertaining to the brain; also see eerebr(o)- 

eneephalogram 

endo- 

denotes something as'inside'or'within' 

endoerinology, endospore 

enter(o)- 

of or pertaining to the intestine 

gastroenterology 

eosín(o)- 

red 

eosinophil granulocyte 

epí- 

on, upon 

epicardium, epidermis, 
epidural, episelera, epistaxis 

erythr(o)- 

denotes a red colour 

erythroeyte 

ex- 

out of, away from 

excision, exophthalmos 

exo- 

denotes something as'outside'another 

exoskeleton 

extra- 

outside 

extradural haematoma 

faei(o)- 

of or pertaining to the faee 

faeioplegie 

fibr(o) 

fibre 

fibroblast 

fore- 

before or ahead 

forehead 

fossa 

a hollow or depressed area; treneh or 
ehannel 

fossa ovalis 

front- 

of or pertaining to the forehead 

frontonasal 

galaet(o)- 

milk 

galaetorrhoea 

gastr(o)- 

of or pertaining to the stomaeh 

gastrie bypass 

-geníe 

formative, pertaining to producing 

eardiogenie shoek 

gingiv- 

of or pertaining to the gums 

gingivitis 

glauc(o)- 

denoting a grey or bluish-grey colour 

glaucoma 

gloss(o)-,glott(o)- 

of or pertaining to the tongue 

glossology 

gluco- 

sweet 

glucocorticoid 
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Prefìx or suffíx 

Meaning 

Example(s) 

glyc(o)- 

sugar 

glyeolysis 

-gnosìs 

knovvledge 

diagnosis, prognosis 

gon(o)- 

seed, sennen; also, reproductive 

gonorrhoea 

-gram, -gramme 

reeord or picture 

angiogram 

-graph 

instrunnent used to reeord data or picture 

eleetroeardiograph 

-graphy 

proeess of reeording 

angiography 

gyn(aec)o- 

vvoman 

gynaeeomastia 

haemangì(o)- 

blood vessels 

haemangioma 

haemat(o)-,haem- 

of or pertaining to blood 

haematology 

halluc- 

to vvander in mind 

hallucinosis 

hemí- 

one-half 

eerebral hemisphere 

hepat- (hepatìe-) 

of or pertaining to the liver 

hepatology 

heter(o)- 

denotes something as'the other' (of tvvo), 
as an addition, or different 

heterogeneous 

hìst(o)-, hístío- 

tissue 

histology 

home(o)- 

similar 

homeopathy 

hom(o)- 

denotes something as'the same'as 
another or eommon 

homosexuality 

hydr(o)- 

vvater 

hydrophobe 

hyper- 

denotes something as'extreme'or 
'beyond normal' 

hypertension 

hyp(o)- 

denotes something as'belovv normal' 

hypovolaemia 

hyster(o)- 

of or pertaining to the vvomb, the uterus 

hystereetomy, hysteria 

ìatr(o)- 

of or pertaining to medieine, or a 
physieian 

iatrogenie 

-iatry 

denotes a field in medieine of a eertain 
body eomponent 

podiatry, psyehiatry 

-ies 

organised knovvledge, treatment 

obstetries 

ileo- 

ileum 

ileoeaeeal valve 

infra- 

belovv 

infrahyoid muscles 

inter- 

betvveen, among 

interarticular ligament 

intra- 

vvithin 

intramural 

ipsi- 

same 

ipsilateral hemiparesis 

isehio- 

of or pertainingto the ischium,the hipjoint 

isehioanal fossa 
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Prefíx or suffìx 

Meaníng 

Example(s) 

-ìsmus 

spasm, eontraetion 

hemiballismus 

iso- 

denoting something as being'egyal' 

isotonie 

-ist 

one who speeialises in 

pathologist 

-itis 

inflammation 

tonsillitis 

-ium 

structure, tissue 

pericardium 

juxta- (iuxta-) 

near to, alongside or next to 

juxtaglomerular apparatus 

karyo- 

nucleus 

eukaryote 

kerat(o)- 

eornea (eye or skin) 

keratoseope 

kin(e)-, kin(o)-, 
kinesi(o)- 

movement 

kinesthaesia 

kyph(o)- 

humped 

kyphoseoliosis 

labi(o)- 

of or pertaining to the lip 

labiodental 

laerim(o)- 

tear 

laerimal canaliculi 

laet(í)-, laet(o) 

milk 

laetation 

lapar(o)- 

of or pertaining to the abdomen wall, 
flank 

laparotomy 

laryng(o)- 

of or pertaining to the larynx, the lower 
throat eavity where the voiee box is 

larynx 

latero- 

lateral 

lateral peetoral nerve 

-lepsis, -lepsy 

attaek, seizure 

epilepsy, nareolepsy 

lept(o)- 

light, slender 

leptomeningeal 

leuc(o)-, leuk(o)- 

denoting a white colour 

leukocyte 

lingu(a)-,lingu(o)- 

of or pertaining to the tongue 

linguistics 

lip(o)- 

fat 

liposuction 

lith(o)- 

stone, calculus 

lithotripsy 

-logist 

denotes someone who studies a eertain 
field 

oneologist, pathologist 

log(o)- 

speeeh 

logopaedies 

-logy 

denotes the aeademie study or praetiee 
of a eertain field 

haematology, urology 

lymph(o)- 

lymph 

lymphoedema 

lys(o)-, -lytie 

dissolution 

lysosome 

-lysis 

destruction, separation 

paralysis 
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Prefìx or suffíx 

Meaníng 

Example(s) 

macr(o)- 

large, long 

maerophage 

-malaeìa 

softening 

osteomalaeia 

mammìll(o)- 

of or pertaining to the nipple 

mammillitis 

mamm(o)- 

of or pertaining to the breast 

mammogram 

manu- 

of or pertaining to the hand 

manufacture 

mast(o)- 

of or pertaining to the breast 

masteetomy 

meg(a)-, megal(o)-, 
-megaly 

enlargement, million 

splenomegaly, megameter 

melan(o)- 

blackcolour 

melanin 

meníng(o)- 

membrane 

meningitis 

meta- 

after, behind 

metacarpus 

-meter 

instrument used to measure or count 

sphygmomanometer 

metr(o)- 

pertaining to eonditions of the uterus 

metrorrhagia 

-metry 

proeess of measuring 

optometry 

míero- 

denoting something as small, or relating 
to smallness 

mieroseope 

míllí- 

thousandth 

millilitre 

mon(o)- 

single 

infectious mononucleosis 

morph(o)- 

form, shape 

morphology 

muscul(o)- 

muscle 

musculoskeletal system 

my(o)- 

of or relating to muscle 

myoblast 

mye(o)- 

fungus 

onyehomyeosis 

myel(o)- 

of or relating to bone marrovv or spinal 
eord 

myeloblast 

myri- 

ten thousand 

myriad 

myríng(o)- 

eardrum 

myringotomy 

nare(o)- 

numb, sleep 

nareolepsy 

nas(o)- 

of or pertaining to the nose 

nasal 

neer(o)- 

death 

neerosis, neerotising faseiitis 

neo- 

nevv 

neoplasm 

nephr(o)- 

of or pertaining to the kidney 

nephrology 

neur(í)-, neur(o)- 

of or pertaining to nerves and the 
nervous system 

neurofìbromatosis 
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Prefìx or suffìx 

Meaning 

Example(s) 

normo- 

normal 

normoeapnia 

ocul(o)- 

of or pertaining to the eye 

oculist 

odont(o)- 

of or pertaining to teeth 

orthodontist 

odyn(o)- 

pain 

stomatodynia 

-oesophageal, 

oesophag(o)- 

gullet 

gastro-oesophageal reflux 

-oìd 

resemblanee to 

sareoidosis 

-ole 

small or little 

arteriole 

olig(o)- 

denoting something as'having little, 
having few' 

oliguria 

-oma {sing,), 

-omata (p/.) 

tumour, mass, eolleetion 

sareoma, teratoma 

oneo- 

tumour, bulk, volume 

oneology 

onyeh(o)- 

of or pertaining to the nail (of a finger or 
toe) 

onyehophagy 

oo- 

of or pertaining to an egg, a woman's 
egg, the ovum 

oogenesis 

oophor(o)- 

of or pertaining to the woman's ovary 

oophoreetomy 

ophthalm(o)- 

of or pertaining to the eye 

ophthalmology 

optíe(o)- 

of or relating to ehemieal properties of 
the eye 

optieoehemieal 

orehi(o)-, 

orehid(o)-, 

oreh(o)- 

testis 

orehieetomy, orehideetomy 

-osis 

a eondition, disease or inerease 

iehthyosis, psyehosis, 
osteoporosis 

osseo- 

bony 

osseous 

ossi- 

bone 

peripheral ossifying fibroma 

ost(e)-, oste(o)- 

bone 

osteoporosis 

ot(o)- 

of or pertaining to the ear 

otology 

ovo-, ovi-, ov- 

of or pertaining to the eggs, the ovum 

ovogenesis 

paehy- 

thiek 

paehyderma 

paed-, paedo- 

of or pertaining to the ehild 

paediatries 

palpebr- 

of or pertaining to the eyelid (uncommon 
as a root) 

palpebra 

pan-, pant(o)- 

denoting something as'eomplete'or 
eontaining 'everything' 

panophobia, panoptieon 








Prefixes, suffixes 


Prefìx or suffíx 

Meanlng 

Example(s) 

papìll- 

of or pertaining to the nipple (of the 
ehest/breast) 

papillitis 

papul(o)- 

indieates papulosity, a small elevation or 
svvelling in the skin, a pimple, svvelling 

papulation 

para- 

alongside of, abnormal 

paraeyesis 

-paresls 

slight paralysis 

hemiparesis 

parvo- 

small 

parvovirus 

path(o)- 

disease 

pathology 

-pathy 

denotes (vvith a negative sense) a disease, 
or disorder 

soeiopathy, neuropathy 

peetor- 

breast 

peetoralgia, pectoriloquy, 
peetorophony 

ped-, -ped-, -pes 

of or pertaining to the foot; -footed 

pedoseope 

pelv(l)-, pelv(o)- 

hip bone 

pelvis 

-penla 

defieieney 

osteopenia 

-pepsla 

denotes something relating to digestion, 
orthe digestive traet 

dyspepsia 

perl- 

denoting something vvith a position 
'surrounding'or'around'another 

periodontal 

-pexy 

fixation 

nephropexy 

phaeo- 

lens-shaped 

phaeolysis, phaeometer, 
phaeoseotoma 

-phage, -phagla 

forms terms denoting eonditions relating 
to eating or ingestion 

sareophagia 

-phago- 

eating, devouring 

phagoeyte 

-phagy 

forms nouns that denotes'feeding on'the 
first element or part of the vvord 

haematophagy 

pharmaeo- 

drug, medieation 

pharmaeology 

pharyng(o)- 

of or pertaining to the pharynx, the 
upper throat eavity 

pharyngitis, pharyngoseopy 

phleb(o)- 

of or pertaining to the (blood) veins, a 
vein 

phlebography, phlebotomy 

-phobla 

exaggerated fear, sensitivity 

araehnophobia 

phon(o)- 

sound 

phonograph, symphony 

phot(o)- 

of or pertaining to light 

photopathy 

phren(l)-, 

phren(o)-, 

phrenleo 

the mind 

phrenie nerve, sehizophrenia 
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Prefíx or suffìx 

Meaning 

Example(s) 

-plasìa 

formation, development 

aehondroplasia 

-plasty 

surgical repair, reconstruction 

rhinoplasty 

-plegia 

paralysis 

paraplegia 

pleío- 

more, excessive, multiple 

pleiomorphism 

pleur(o)-, pleur(a) 

of or pertaining to the ribs 

pleurogenous 

-plexy 

stroke or seizure 

cataplexy 

pneumat(o)- 

air, lung 

pneumatocele 

pneum(o)- 

of or pertaining to the lungs 

pneumonocyte, pneumonia 

-poiesís 

production 

haematopoiesis 

poly- 

denotes a'plurality'of something 

polymyositis 

post- 

denotes something as'after'or'behind' 
another 

post-operation, post-mortem 

pre- 

denotes something as'before'another (in 
[physieal] position ortime) 

premature birth 

presby(o)- 

old age 

presbyopia 

prim- 

denotes something as'first'or'most 
important' 

primary 

proet(o)- 

anus, rectum 

proetology 

prot(o)- 

denotes something as'first'or'most 
important' 

protoneuron 

pseud(o)- 

denotes something false or fake 

pseudoephedrine 

psor- 

itehing 

psoriasis 

psyeh(e)-, 

psyeh(o) 

of or pertaining to the mind 

psyehology, psyehiatry 

-ptosis 

falling, drooping, downward plaeement, 
prolapse 

apoptosis, nephroptosis 

-ptysis 

(a spitting), spitting, haemoptysis, the 
spitting of blood derived from the lungs 
or bronehial tubes 

haemoptysis 

pulmon-, pulmo- 

of or relating to the lungs 

pulmonary 

pyel(o)- 

pelvis 

pyelonephritis 

py(o)- 

pus 

pyometra 

pyr(o)- 

fever 

antipyretie 

quadr(i)- 

four 

quadriceps 

radio- 

radiation 

radiowave 
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Prefìx or suffíx 

Meaning 

Example(s) 

ren(o)- 

of or pertaining to the kidney 

renal 

retro- 

baekvvard, behind 

retroversion, retroverted 

rhín(o)- 

of or pertaining to the nose 

rhinoplasty 

rhod(o)- 

denoting a rose-red colour 

rhodophyte 

-rrhage 

burstforth 

haemorrhage 

-rrhagìa 

rapid flovv of blood 

menorrhagia 

-rrhaphy 

surgical suturing 

nephrorrhaphy 

-rrhexìs 

rupture 

karyorrhexis 

-rrhoea 

flovving, diseharge 

diarrhoea 

-rupt 

breakor burst 

erupt, interrupt 

salpìng(o)- 

of or pertaining to tubes, e.g. Fallopian 
tubes 

salpingeetomy, 
salpingopharyngeus muscle 

sangui-,sanguíne- 

of or pertaining to blood 

exsanguination 

sareo- 

nnuscular, flesh-like 

sareoma 

seler(o)- 

hard 

seleroderma 

-selerosís 

hardening 

atheroselerosis, multiple 
selerosis 

seolí(o)- 

tvvisted 

seoliosis 

-seope 

instrunnent for vievving 

stethoseope 

-seopy 

use of instrunnent for vievving 

endoseopy 

semi- 

one-half, partly 

semiconscious 

sial(o)- 

saliva, salivary gland 

sialagogue 

sigmoid(o)- 

sigmoid, S-shaped curvature 

sigmoid eolon 

sinistr(o)- 

left, left side 

sinistroeardia 

sinus- 

of or pertaining to the sinus 

sinusitis 

somat(o)-, 

somatieo- 

body, bodily 

somatie 

-spadias 

slit, fissure 

hypospadias, epispadias 

spasmo- 

spasm 

spasmodie dysphonia 

sperma(to)-, 

spermo- 

semen, spermatozoa 

spermatogenesis 

splen(o)- 

spleen 

spleneetomy 

spondyl(o)- 

of or pertaining to the spine, the 
vertebra 

spondylitis 
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xxxviii 


rk 

- - « 

L'* 

fk 


Prefíx or suffìx 

Meaníng 

Example(s) 

squamos(o)- 

denoting something as'full of seales'or 
'sealy' 

squamous eell 

-stalsìs 

eontraetion 

peristalsis 

-stasís 

stopping, standing 

eytostasis, homeostasis 

-staxís 

dripping, triekling 

epistaxis 

sten(o)- 

denoting something as'narrovv in shape' 
or pertaining to narrovvness 

stenography 

-stenosís 

abnormal narrovving in a blood vessel or 
other tubular organ or structure 

restenosis, stenosis 

stomat(o)- 

of or pertaining to the mouth 

stomatogastrie, 
stomatognathie system 

-stomy 

ereation of an opening 

eolostomy 

sub- 

beneath 

subcutaneoustissue 

super- 

in excess, above, superior 

superior vena eava 

supra- 

above, excessive 

supraorbital vein 

taehy- 

denoting something as fast, irregularly 
fast 

taehyeardia 

-tensíon, -tensíve 

pressure 

hypertension 

tetan- 

rigid, tense 

tetanus 

thee- 

ease, sheath 

intratheeal 

therap- 

treatment 

hydrotherapy, therapeutic 

therm(o)- 

heat 

thermometer 

thorae(í)-, 

thorac(o)-,thoracìco- 

of or pertaining to the upper ehest, ehest; 
the area above the breast and under the 
neek 

thorax 

thromb(o)- 

of or relating to a blood elot, elotting of 
blood 

thrombus, thromboeytopenia 

thyr(o)- 

thyroid 

thyroeele 

thym- 

emotions 

dysthymia 

-tome 

cutting instrument 

osteotome 

-tomy 

aet of cutting; ineising, ineision 

gastrotomy 

tono- 

tone, tension, pressure 

tonometer 

-tony 

tension 


top(o)- 

plaee, topieal 

topieal anaesthetie 
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Prefìx or suffíx 

Meaning 

Example(s) 

tort(i)- 

tvvisted 

tortieollis 

tox(i)-, tox(o)-, 
toxic(o)- 

toxin, poison 

toxoplasmosis 

traehe(a)- 

traehea 

traeheotomy 

traehel(o)- 

of or pertaining to the neek 

traeheloplasty 

trans- 

denoting something as moving or 
situated 'across'or'through' 

transfusion 

tri- 

three 

triangle 

trieh(i)-, triehia, 
trieh(o)- 

of or pertaining to hair, hair-like structure 

triehoeyst 

-tripsy 

crushing 

lithotripsy 

-trophy 

nourishment, development 

pseudohypertrophy 

tympan(o)- 

eardrum 

tympanoeentesis 

-ula, -ule 

small 

nodule 

ultra- 

beyond, excessive 

ultrasound 

un(i)- 

one 

unilateral hearing loss 

ur(o)- 

of or pertaining to urine, the urinary 
system; (speeifìeally) pertaining to the 
physiologieal ehemistry of urine 

urology 

uter(o)- 

of or pertaining to the uterus or vvomb 

uterus 

vagin- 

of or pertaining to the vagina 

vagina 

varie(o)- 

svvollen or tvvisted vein 

varieose 

vasculo- 

blood vessel 

vasculotoxicity 

vas(o)- 

duct, blood vessel 

vasoeonstrietion 

ven- 

of or pertaining to the (blood) veins, a 
vein (used in terms pertaining to the 
vascular system) 

vein, venospasm 

ventrícul(o)- 

of or pertaining to the ventrieles; any 
hollovv region inside an organ 

eardiae ventriculography 

ventr(o)- 

of or pertaining to the belly; the stomaeh 
eavities 

ventrodorsal 

-version 

turning 

anteversion, retroversion 

vesie(o)- 

of or pertaining to the bladder 

vesieal arteries 

viseer(o)- 

of or pertaining to the internal organs, 
the viseera 

viseera 
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Meaníng 

Example(s) 

xanth(o)- 

denoting a yellovv colour, an abnormally 
yellovv colour 

xanthopathy 

xen(o)- 

foreign, different 

xenograft 

xer(o)- 

dry, desert-like 

xerostomia 

zo(o)- 

animal, animal life 

zoology 

zym(o)- 

fermentation 

enzyme, lysozyme 
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® What is the differenee betvveen anatomy and physiology? 

® Why is the proeess of osmosis essential for the functioning of the human body? 
® What is an eleetrolyte? 

© What is the proeess of external respiration in humans? 

Defìne homeostasis. 
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Deseribe the levels of organisation of a body 
© Deseribe the eharaeteristies of life 

Llnderstand and be able to explain an atom and hovv it relates to molecules 
Deseribe and understand the vvays in vvhieh atoms ean bind together 
Deseribe elements and their eharaeteristies 
Llnderstand hovvto read ehemieal equations 
Deseribe the pH seale and its importanee to life 
List the differenees betvveen organie and inorganie substances 
List the various vvays in vvhieh vve measure things 
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Basie seientifie prineiples of physiology 



lntroductíon 

Learning about the physiology of the body is very nnuch like learning a foreign language - there 
are new vocabulary, gramnnar and eoneepts to learn and understand. This first ehapter intro- 
duces you to this new language so that you ean then use your knowledge to understand 
the physiology of the different parts of the body that are discussed in all the other ehapters of 
this book. 

First of all there are two terms to learn and understand: 

• anatomy, the study of structure; 

• physiology, thestudy offunction. 

However, structure is always related to function because the structure determines the 
function, which in turn determines how the body/organ, and so on, is structured - the two are 
interdependent. 

Levels of organísatíon 

The body is a very complex organism that eonsists of many eomponents, starting with the 
smallest of them - the atom - and concluding with the organism itself (Figure 1.1). Starting 
from the smallest eomponent and working towards the largest, the body is organised in the 
following way: 

• The atom - for example, hydrogen, earbon. 

• The molecule - for example, water, glucose. 

• The macromolecule (large molecule) - for example, protein, DNA. 

• The organelle (found in the eell) - for example, nucleus, mitoehondrion. 

• The tissues - for example, bone, muscle. 

• The organs - for example, heart, kidney. 

• The organ system - for example, skeletal, cardiovascular, respiratory, renal. 

• The organism - for example, mouse, dog, elephant and, of course, humans. 


eharaeterístíes of lífe 

All living organisms have eertain eharaeteristies in eommon. Although these eharaeteristies 

may differ from organism to organism, they are all important for the maintenanee of life.These 

eharaeteristies are: 

• Reproductìon - at both the miero- and the maerolevel, reproduction is an essential proeess. 
At the maerolevel is the reproduction ofthe organism, and atthe mierolevel isthe reproduction 
of new eells to maintain the effieieney and growth of the organism. 

• Growth - essential for the growth and development of an organism. 

• Movement - ehanges in position as well as motion are parts of movement.This eharaeteristie 
is essential to allow the organism to seek out nutrition, partners for reproduction, eseape from 
predators, and so on 

• Respìratìon - external respiration is important for obtaining oxygen and releasing earbon 
dioxide (or obtaining earbon dioxide and releasing oxygen if a green plant), while internal 
respiration releases energy from foods. 
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e CELLULAR LEVEL 


O CHEMICAL LEVEL 


Qo 






o TISSUE LEVEL 


Atoms (C, H, O, N, P) 


Molecule (DNA) 



0 SYSTEM LEVEL 



Salivary glands 


Pharynx 



Liver 
Gallbladder 


Large intestine 


Mark Nielsen 



0 ORGANISMAL LEVEL 



Smooth muscle tissue 



O ORGAN LEVEL 
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Oesophagus 



Epithelial tissue 


Stomaeh 


Stomaeh 


Panereas 
(behind stomaeh) 


Small intestine 


Epithelial 

and 

eonneetive 

tissues 



Smooth muscle 
tissue layers 


Digestive system 


Fìgure 1.1 Levelsof organisation ofthe body. 5oi/rce:Tortora and Derriekson (2014). Reproduced with 
permission of John Wiley & Sons. 


• Responsìveness - organisms need to be able to respond to ehanges in the environment for 
example, or to other stimuli such as predator danger. 

• Dìgestìon - this is the breakdown of food substances, so that the organism ean produce the 
energy neeessary for its life. 

• Absorptìon - the movement of substances, such as digested food, through membranes and 
into body fluids, including blood and lymph, which then earry the substances to the parts of 
the organism requiring them. 

• Cìrculatìon - the movement of substances through the body in the body fluids. 

• Assìmìlation - the ehanging of absorbed substances into different substances, which ean 
then be utilised by the tissues of the body. 

• Excretíon - the removal of waste substances from the body, either because they are of no use 
to the body or because they are harmful to the body. 
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Bodìly requírements 

There are five essential requirennents that all organisms, including humans, require: 

1. Water 

• Water is the most abundant substance found in the body. At birth, up to 78% of a baby's 
body is eomposed of water, at 1 year of age this has dropped to 65%. In adult males the 
fìgure has dropped to 60% and in adult females the fìgure is 55% (females have more fat 
than males as a pereentage of their body, which accounts for the differenee, although a fat 
adult male would also have a lower pereentage than a thin adult male). 

• Water is required for the various metabolie proeesses that are neeessary for an organism's 
survival. 

• Water is neeessary to transport essential substances around the organism. 

• Water helps to regulate body temperature - a human operates within a very narrow 
temperature range and has an inability to eope with large temperature ehanges within the 
body. If body temperature exceeds this range - either below or above - then death will 
occur. Sweating is an exampleof water helping to reducea high temperature- it eools the 
body surface as it evaporates (evaporative eooling). 

2. Food 

• Food supplies the energy for the organism to fulfìl all the essential eharaeteristies 
mentioned above. 

• It also supplies the raw materials for these eharaeteristies - particularly growth. 

3. Oxygen 

• Oxygen forms 20% of air and is used in the release of energy from the assimilated 
nutrients. 

4. Heat 

• Heat is a form of energy that partly eontrols the rate at which metabolie reaetions occur. 

5. Pressure 

• There are two types of pressure that are required by an organism: 

o atmospherie pressure, which is important in the proeess of breathing; 
o hydrostatie pressure, which keeps the blood flowing through the body. 


Atoms 

It is now time to eonsider the smallest building bloekof the body (indeed of all matter), namely 
the atom. The word 'atom' eomes from a Greek word which means 'ineapable of being divided'. 
However, we now know that an atom eonsists of eleetrons, neutrons and protons. 

The atom, as ean be seen from Figure 1.2, is made up of even smaller matter, namely: 

• protons 

• neutrons 

• eleetrons. 

Protons earry a positive eleetrieal eharge and eleetrons earry a negative eleetrieal eharge, 
while the neutron, as its name implies, earries no eleetrieal eharge (it is neutral). 

As ean be seen from Figure 1.3, eleetrons move rapidly around the nucleus of the atom, which 
itself is made up of protons and neutrons.The eleetrons of an atom are bound to the nucleus by 
eleetromagnetie foree. 
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Protons 


Neutrons 


Eleetrons 


Fìgure 1.2 The atom. 



Eleetron 


Nucleus 


Fìgure 1.3 Sehematie diagram of an atom. 

Although there are many different types of atoms, they alvvays have the same make-up - just 
different numbers of paths of orbit, eleetrons, neutrons and protons - and the same eharaeter- 
isties, vvhile atoms of different elements (e.g. iron, earbon, sodium) have different numbers of 
eleetrons, protons and neutrons. For example: 

• The nucleus is alvvays eentral. 

• The inner shell (path of orbit) alvvays has a maximum of tvvo eleetrons. 

• The seeond shell ean have a maximum of eight eleetrons. 

• The third shell ean have a maximum of 18 eleetrons, and so on. 

• Of importanee is the valenee shell.This is the outermost shell of an atom and determines hovv 
the atom behaves in ehemieal reaetions vvith other atoms. This ean have a maximum of eight 
eleetrons (knovvn as the oetet rule).These valenee eleetrons ean partieipate in the formation 
of a ehemíeal bond. See'Govalent bonds'seetion. 


Atomíe number 

All atoms are designated a number, knovvn as the atomie number, and the atomie number of an 
atom is the same as the number of protons in that atom. Consequently, the atomie number of a 
earbon atom, vvhieh has six protons, is 6, vvhile the sodium atom has 11 protons and therefore its 
atomie number is 11, and a ehlorine atom has 17 protons and so has an atomie number of 17. 

Garbon atom 

Garbon, a very important atom for life forms because vve are all earbon-based entities, vvill dem- 
onstrate the make-up of an actual atom. 

As you ean see from Figure 1 A, earbon has six eleetrons orbiting the nucleus, vvhieh is made 
up of six protons and six neutrons.Therefore, it has the same number of eleetrons, protons and 
neutrons.This is unusuak because vvhile it is normal to have the same number of eleetrons and 
protons, usually the number of neutrons differs from the numbers of eleetrons and protons in 
an atom. 
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Hydrogen (H) 

Atomie number = 1 
Mass number = 1 or 2 
Atomie mass = 1.01 


Garbon (C) 

Atomie number = 6 

Mass number = 12 or 13 
Atomie mass = 12.01 


Nitrogen (N) 

Atomie number = 7 

Mass number = 14 or 15 
Atomie mass = 14.01 


Oxygen (0) 

Atomie number = 8 

Mass number = 1 6, 17, or 18 
Atomie mass = 16.00 


Third 
eleetron 
shell 


o 

o 


0 


0 



O 

0^0 
o o 


Fourth 
eleetron 
shell 




Fifth 
eleetron 
shell 



Sodium (Na) 

Atomie number = 11 
Mass number = 23 
Atomie mass = 22.99 


ehlorine (Cl) 

Atomie number = 17 

Mass number = 35 or 37 
Atomie mass = 35.45 


Potassium (K) 

Atomie number = 19 

Mass number = 39, 40, or 41 
Atomie mass = 39.10 


lodine (1) 

Atomie number = 53 
Mass number =127 
Atomie mass = 126.90 


Atomie number = number of protons in an atom 

Mass number = number of protons and neutrons in an atom (emboldening indieates most eommon isotope) 
Atomie mass = average mass of all stable atoms of a given element in daltons 


Fìgure 1.4 The earbon atom. 5oi/rce: Tortora and Derriekson (2014). Reproduced with permission of 
John Wiley & Sons. 

A basie prineiple of the atom is that the number of eleetrons is equal to the number of protons 
in eaeh atom, and this is all to do with eleetrieity. As mentioned above, protons earry a positive 
eleetrieal eharge, eleetrons earry a negative eleetrieal eharge and neutrons earry a neutral eharge 
(i.e. they earry no eharge), and the aim of all atoms is to remain eleetrieally stable (eleetrieally 
neutral).Therefore, as neutrons earry no eleetrieal eharge, it is important that eleetrons and pro- 
tons are equal in number to maintain the stability/neutrality. 

Thus, as the earbon atom earries six eleetrons, six protons and six neutrons, the eleetrieal 
eharges of the eleetrons and protons eaneel one another out. As a consequence, overall, the 
atom is neutrally eharged and it is said to be in a state of equilibrium. 


Molecules 

This need for the atom to be in equilibrium is the driving foree behind the eombining of atoms 
to make molecules (the next stage in the building of life forms). A molecule is the smallest 
partiele of an element or compound that exists independently. It eontains atoms that have 
bonded together. For example, sodium ehloride (NaCI) is a molecule eontaining one atom of 
sodium (also known as natrium, henee the symbol Na) which has bonded to one atom of ehlo- 
rine (symbol Cl). Similarly, the molecule H^O is made up of two atoms of hydrogen (H) bonded 
to one atom of oxygen (O). H^O is better known as water. 


ehemkal bonds 

A ehemieal bond is the way in which atoms bind to one another by the atoms attaining a lower 
energy state through losing, gaining or sharing their outer shell eleetrons with other atoms. 
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A ehemieal bond is the'attraetive'foree that holds atoms together.This interaetion results in the 
formation of atoms or ions that are in a lower energy state than the original atoms. 

The formation of ehemieal bonds also results in the release of energy previously eontained in 
the atoms, as shown in the formula 

atom + atom ^ atom—atom + energy 

The eombining power of atoms is known as valenee. Because the only shell that is important in 
bonding is the outermost shell, this shell is known as the valenee shell (Marieb, 2014). 

There are several types of ehemieal bonds that occur between atoms, namely: 

• ionie bonds 

• eovalent bonds 

• polar bonds/hydrogen bonds. 


lonìe bondíng of atoms 

Atoms always prefer to be in a state of eleetrieal equilibrium. However, sometimes an atom that 
has a stable structure may lose an eleetron, in which ease it beeomes unstable. For example, a 
sodium (Na) atom is an atom that may lose an eleetron, and in this ease, in order to beeome 
stable again, it must eonneet with an atom that ean aeeept an eleetron - for example, ehlorine 
(Cl). So, consequently, when sodium atoms and ehlorine atoms are mixed together, one eleetron 
of eaeh sodium atom will movetoan equivalent atom of ehlorine-asdepieted in Figure 1.5 -thus 
forming the molecule sodium ehloride (NaCI), also known as eommon salt. This is known as 
ionie bonding, because ions are involved. 


lons 

An ion is an atom or a molecule in which the total number of eleetrons is not equal to the 
total number of protons - henee the atom or molecule has a net positive or negative eleetri- 
eal eharge. It is no longer in an eleetrieally neutral state. In the example above, sodium and 
ehlorine have positive and negative eleetrieal eharges respeetively due to the interehange of 
eleetrons, so they are now ions, and we depiet them with a small positive or minus sign, as in 
the examples below: 

• Na+ (sodium positive) 

• Cl“ (ehlorine negative). 

However, we ean write the resultant sodium ehloride molecule as NaCI because the positive 
(+) and the negative (-) have attraeted eaeh other and eaneelled out the eleetrieal eharges, 
leaving us with a molecule that has a neutral eleetrieal eharge. 

• lons that earry a positive eleetrieal eharge are known as eatìons 

• lons that earry a negative eleetrieal eharge are known as anìons. 

To summarise, an ionie bond is a bond that is formed between ions, some of which are 
positively eharged and some of which are negatively eharged. These atoms are known as ions 
and are attraeted to, and stabilise, eaeh other, but they neither transfer nor share eleetrons 
between themselves. Consequently, this ean be seen more as an interaetion between atoms 
rather than as a bond between them (Fisher and Arnold, 2012). 
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O ELEGTRON 
DONATED 


Atom 



(a) Sodium: 1 valenee eleetron 



ELEOTRON 

AeOEPTED 



Atom 



(b) Ohlorine: 7 valenee eleetrons 





(e) lonie bond in sodium ehloride (NaOI) 


(d) Paeking of ions in a erystal 
of sodium ehloride 


Fìgure 1.5 (a-d) lonie bonding of a sodiunn and a ehlorine atom to form a sodium ehloride molecule. 

Soi/ree: Tortora and Derriekson (2014). Reproduced with permission of John Wiley & Sons. 


eovalent bonds 

Llnlike ionie bonding, eovalent bonding does involve the sharing of valenee eleetrons with 
eompatible adjaeent eleetrons. In this way, none of the atoms involved in this type of bonding 
actually loses or gains eleetrons. Instead, eleetrons are shared between them so that eaeh of 
the atoms will have a eomplete valenee shell (i.e. outermost shell) for at least part of the time 
(Marieb, 2014). 

Govalent bonding occurs when two atoms are elose to one another and so an overlapping of 
the outer shell eleetrons occurs. Following this overlapping, eaeh outer shell beeomes attraeted 
to the nucleus of the other atom (Figure 1.6).This type of bonding does not require positive and 
negative eleetrieal eharges as ionie bonding does. 
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DIAGRAMS OF ATOMIG AND MOLEODLAR STRUCTURE 





Oxygen atom Hydrogen atoms VVater molecule 


Fìgure 1.6 (a-e) Govalent bond. Soi/ree: Tortora and Derriekson (2014). Reproduced vvith permission 
of John Wiley & Sons. 

There are three types of eovalent bonding, depending upon the number of eleetrons that are 
shared betvveen the bonded atoms: 

1 . single eovalent bonds (one eleetron from eaeh atom is shared in the outermost shell, e.g. 
hydrogen molecule); 

2. double eovalent bonds (tvvo eleetrons from eaeh atom are shared, e.g. oxygen molecule); 

3. triple eovalent bonds (three eleetrons from eaeh atom are shared, e.g. nitrogen molecule). 


STRUCTURAL 


MOLECULAR 

FORMULA 


FORMULA 
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Polar bonds 

Sometinnes molecules do not share eleetrons equally and so there is a separation of the eleetrieal 
eharge into positive or negative.This is ealled polarìty, and because of this separation of eleetrieal 
eharge there is an additional weak bond. However, note that this bond is not between atoms, but 
is between the molecules themselves. Just as with ionie bonding, this polar bonding eomes about 
because of the eleetrieal rule that opposìtes attract.Thus, the small opposing eharges from differ- 
ent polar molecules ean be attraeted to eaeh other. Polar bonding only occurs with molecules that 
eontain the atom hydrogen - so a polar bond is also known as a hydrogen bond (see Figure 1.7). 

The faet that polar molecules ean bond (albeit only weakly) is very important in determining 
the structure and function of physiologieally aetive substances such as 

• enzymes 

• antibodies 

• genetie molecules 

• pharmaeologieal agents (drugs). 

Eleetrolytes 

A further development of bonding is the production of eleetrolytes. Eleetrolytes are substances 
that move to oppositely eharged eleetrodes in fluids. They occur in the following way: if mole- 
cules that are bonded together ionieally (see Jonie bonding of atoms'seetion) are dissolved in 
water within the body eells, then they undergo a proeess where the ions separate; that is, they 
beeome dissoeiated.These ions are now known as eleetrolytes. 

However, this does not apply to molecules that are produced by other types of bonding (e.g. eova- 
lent bonding). Moleeoles that are produced as a result of other types of bonding are ealled non- 
eleetrolytes, and these include most organie compounds, such as glucose, urea and ereatinine. 
Eleetrolytes are particularly important for three things within the body: 

1 . Many are essential minerals. 

2. They eontrol the proeess of osmosis. 

3. They help to maintain the aeid-base balanee, which is neeessary for normal cellular aetivity. 



Fìgure 1.7 Hydrogen bonds and water. Source: Tortora and Derriekson (2014). Reproduced with 
permission of John Wiley & Sons. 
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Elements 

A ehemieal element is a pure ehemieal substance that eannot be broken down into anything 
simpler by ehemieal means. Eaeh element eonsists of just one type of atom, which is distinguished 
by its atomie number (which in turn is determined by the number of protons in the nucleus of 
an atom - see earlier). If the number of protons in the nucleus of an atom ehanges, then we have 
a new element not the original one. This differs from the ease with eleetrons, the number of 
which ean ehange but the atom remains basieally the same - and it is now an ion. Some eom- 
mon examples of elements found in the body include 

• iron 

• hydrogen 

• earbon 

• nitrogen 

• oxygen 

• calcium 

• potassium 

• sodium 

• ehlorine 

• sulphur 

• phosphorus. 

As of February 2015, a total of 118 elements have been eonfirmed; however, only the first 98 
are known to occur naturally on Earth.These elements are usually presented as a períodíe table. 
All ehemieal matter eonsists of these elements, although new elements of higher atomie 
number are diseovered from time to time - but only as a result of artifieial nuclear reaetions, and 
so are not found in the body. 

There are three elasses of elements: 

1. metals (e.g. iron - symborFe'from ferrum) 

2. non-metals (e.g. oxygen - symbol 'O') 

3. metalloids (e.g. arsenie - symbol 'As'). 

These three elasses of elements all have eertain eharaeteristies that define them: 


Metals 

Non-metals 

Metalloìds 

They conduct heat and 
eleetrieity 

They donate eleetrons 
(to other atoms to make 
molecules) 

At normal temperatures 
they are all solids - with 
the exception of 
mercury (symbol 'Hg') 

They are poor 
conductors of heat 
and eleetrieity 

They aeeept 
eleetrons (from 
donor atoms) 

They may exist as a 
solid, a liquid ora 
gas 

They are neither metals nor non-metals - 
they are sometimes referred to as 
semi metals 

They tend to have the physieal properties 
of metals while having the ehemieal 
properties of both metals and non-metals 
depending upon their oxidation state. 
However, they are not relevant to 
bioehemistry, so will not be discussed in 
this book 
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Usually metals bond with non-metals (i.e. eleetron donors with eleetron aeeeptors). The 
following are some examples of elements important for the body that are metals and 
non-metals: 


Metals 

Non-metals 

Calcium (Ca) 

ehlorine (Cl) 

Potassium (K) 

Nitrogen (N) 

Sodium (Na) 

Oxygen (0) 


Carbon (C) 


Sulphur (S) 


Phosphorus (P) 


As well as sodium ehloride - NaCI (met previously in this ehapter) - some other important 
compounds that a nurse will need to know about include: 

• sodium biearbonate - NaHGO^ 

• potassium ehloride - KCI. 

An interesting element is hydrogen (H), because hydrogen actually has properties of both 
metals and non-metals. As a consequence, water (H^O) is an example of a substance that 
although made up of two gases - oxygen (one atom) and hydrogen (two atoms) - beeomes a 
liquid onee these gases have bonded together. 


Propertìes of elements 

All substances have eertain individual properties, particularly in the way that they reaet 
(i.e. behave): 

• physieal properties - these include such eharaeteristies as colour, density, boiling point melting 
point solubility, hardness, and so on; 

• ehemieal properties - these include whether or not a substance is a metal or non-metal (or 
even metalloid), whether it reaets with an aeid or an alkaline substance, or whether it dissolves 
in water or aleohol. 

Compounds 

A 'compound' is a pure substance that is made up of two or more elements ehemieally bonded 
together. The properties of a compound are totally different from the individual properties of 
the elements that are bonded together to make that compound. In addition, compounds ean be 
broken down ehemieally, while elements eannot. Examples of compounds include: 

• ^ater^H^O) 

• salt (NaCI) 

• earbon dioxide (eo^). 

Note that when the symbol for an atom has a small lower number after it, then that denotes 
there are that number of that particular atom in the molecule. So, water (H^O) is made up of two 
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atoms of hydrogen and one atom of oxygen, while earbon dioxide (GO^) eonsists of one atom of 
earbon and two atoms of oxygen.This will be discussed again later in this ehapter. 

ehemíeal equatíons/chemícal reaetíons 

Any mention of ehemieal equations and most non-ehemists/non-seientists immediately start to 
panie and quickly turn the page. Not to worry, however, because if anyone is eapable of doing 
simple addition sums, then they are eapable of working through ehemieal equations. Everyone 
has worked through simple mathematieal equations, such as 

• l-hl = 2 

• 2+2=4 

• 4+4=8 

• l + l + 2 + 2 + 2 = 8 

• l+l+2+2+2=4+3+l 

and so on. 

ehemieal equations work on the same basie prineiples. When a ehemieal reaetion occurs 
(which is portrayed as an equation), then a new substance is formed. This is ealled the 
product (as with a mathematieal equation). However, in a ehemieal equation, this new 
substance (product) will have different properties from the individual substances involved 
in the reaetion (ealled the reaetants). 

As discussed above, when atoms are eombined they form elements or molecules, and 
symbols are used to deseribe this proeess.This lookat ehemieal equations will start with a very 
simple example, namely the production of water (Figure 1.8). 

As mentioned previously, two atoms of hydrogen (H) eombined with one atom of oxygen (O) 
produce one molecule of water (H^O). The ehemieal equation for this proeess is 

H + H + O^H^O 

hydrogen + hydrogen + oxygen water 


In this equation (of a ehemieal reaetion) there are two atoms of hydrogen and one atom of 
oxygen on the left-hand side, and there are two atoms of hydrogen and one atom of oxygen on 
the right-hand side. However, on the right because of a ehemieal reaction,the samethree atoms 
of gas have ereated water - a liquid. 



2 H2 O2 2 H2O 

Reaetants Products 


Fìgure 1.8 Pietorial depietion of the ehemieal equation (reaetion) producing water. Soi/ree: Tortora 
and Derriekson (2014). Reproduced with permission of John Wiley & Sons. 
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Thus, a ehemieal equation isjust a shorthand way of deseribing a ehemieal reaetion. Note that 
the equals sign in a mathematieal equation is replaeed by an arrow, meaning 'leads to' in a 
ehemieal equation. Basieally, all ehemieal equations are as simple as this. There may be more 
reaetants and products, but there are similar basie prineiples involved in ehemieal equations as 
in mathematieal equations. 

A very important basie prineiple is that when ehemieal reaetions occur, the amount of eaeh 
substance must be the same after the reaetion has occurred as was present before the reaetion. 
The two sides of a ehemieal reaetion (and therefore a ehemieal equation) - the reaetants and the 
products - must balanee. In other words, no atoms/molecules are lost in a ehemieal reaetion, 
they are just organised differently. Another thing to be aware of with ehemieal reaetions is that 
although the numbers of atoms are the same before and after the reaetion, during a ehemieal 
reaetion, something extra is usually produced every time - namely, heat. This is known as an 
exothermic reaetion, which is a proeess/reaetion that gives out energy in the form of heat. 

In a ehemieal equation, the reaetants and the product may be separated by a single arrow (^) 
as in the earlier example of H^O. This indieates that the reaetion occurs only in one direetion, 
namely in the direetion that the arrow is pointing. 

Sometimes the reaetants and product may be separated by two arrows - one above the other 
and pointing in different direetions (^).This indieates that the ehemieal reaetion ean be reversed. 

If the reaetants and the products are separated by an equals sign (which is a symbol used 
in mathematies to indieate a state of equality), instead of single or double arrows, this indieates 
that a state of ehemieal equilibrium exists. 

Another important prineiple to be aware of, as regards ehemieal reaetions and equations, is 
that a ehemieal equation has to be eonsistent. The elements eannot be ehanged into other 
elements by ehemieal means. 

If eleetrieal eharges are involved (as occurs with the involvement of ions), the net eharge on 
both sides of the equation must be equal - that is, they must balanee. 

So, to summarise, all equations must balanee (i.e. the number of reaetants and their eleetrieal 
eharges must equal the number of products and their eleetrieal eharges). However, balaneing a 
ehemieal equation (and thus a reaetion) may require the altering of the quantity of molecules. 

Here is a more eomplieated ehemieal reaction/equation, but the prineiples will still hold 
for this: 


Zn + 2HCI^ZnCl2+H2 

zine + hydrogen ehloride zine ehloride + hydrogen 


Note: mention has been made previously in this ehapter of the prineiple that, when using the 
ehemieal symbols of substances (elements, compounds, molecules, ete.), if a small number 
eomes after an atom as in H^O, then that number applies to the atom immediately before it. In 
other words H^O is eomposed of two atoms of hydrogen and one atom of oxygen. However, if an 
atom or molecule is preeeded by a large number, then that applies to everything immediately 
afterwards until another mathematieal symbol (e.g. +, -^) occurs. For example, 2HCI means that 
there are two atoms of hydrogen and two atoms of ehlorine bonded together to make two 
molecules of hydrogen ehloride. 

In this ehemieal reaction/equation, two molecules of hydrogen ehloride (in the form of two 
ions of ehloride, Cl“, and two ions of hydrogen, H+) along with one atom of zine have been 
ehanged to one molecule of zine ehloride (Znd^) and one molecule of hydrogen (H^). So, even 
though the original atoms have now been eombined differently following the ehemieal reaetion, 
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the balanee betvveen the tvvo sides of the equation in terms of numbers and types of atoms and 
eleetrieal eharge has not been altered. 

With this even more eomplieated ehemieal reaction/equation, it is a good idea to take some 
time and vvorkout just vvhat is going on here before reading on: 

HCI + NaHC 03 ^Nad + H^eO^ 

hydroehlorie aeid + sodium biearbonate ^ sodium ehloride + earbonie aeid 
Also in this reaetion, H^eO^ ean be broken dovvn further: 

H^eO^^eO^+H^O 

The reaetants on the left-hand side are duplicated on the right-hand side (the products) 
different eombinations. Note the double arrovv - vvhat does this mean? 

The presenee of the double-headed arrovv means that the equation is eapable of 
reversed, so that the products beeome the reaetants, and the reaetants the products. Note that 
sodium biearbonate (NaHeO^) is made up of one atom eaeh of sodium, hydrogen and earbon 
and three atoms of oxygen, vvhile earbonie aeid (H^eO^) is eomposed of tvvo atoms of hydrogen, 
one atom of earbon and three atoms of oxygen. Counting the numbers and types of eaeh atom 
on both sides demonstrates again that nothing is added and nothing deleted vvhen the reaetion 
takes plaee - everything is just rearranged in such a vvay that elements that ean be used by the 
body are produced (along vvith any vvaste elements, vvhieh are then excreted). 

This is the end of the seetion on ehemieal equations, and as ean be seen, if someone ean do 
simple arithmetie, then they ean understand and vvork vvith ehemieal equations (remembering 
thattheequations area depietion of ehemieal reaetionsthat are taking plaee vvithin the body all 
the time). 

Aeìds and bases (pH) 

This seetion may initially appear eomplieated, but it is important to understand pH values, along 
vvith alkalinity and aeidity, as our bodies (indeed our very lives) depend upon the relationship 
betvveen aeidity and alkalinity. 

• An aeìd is any substance that donates hydrogen ions (H+) into a solution. 

• An alkalì (also knovvn as a soluble base) is any substance that donates hydroxyl ions (OH ) 
into a solution or aeeepts H+ ions from a solution. 

The more OH“ ions that have been donated or H+ ions aeeepted, the greater the alkalinity of a 
substance; eonversely, the greater the number of H+ ions that are released, the more aeidie is the 
solution. Obviously, vvhenever the numbers of H+ and OH~ ions are the same, then a neutral 
solution exists. 

The ehemieal equation for the ionisation of vvater is shovvn as 

H^O^H^+OH" 

In other vvords, vvater eontains hydrogen and hydroxyl ions, and in one litre of pure vvater, 
10“^"^ mol (moles) of vvater are dissoeiated into H+ ions and OH“ ions. If there are 10"^ mol of H+ 
ions and 10“^ mol of OH“ ions in one litre, then they are balaneed and the vvater is neutral 
(neither aeidie nor alkaline). 


but in 
being 













ehapter 1 


Basie seientifie prineiples of physiology 


• Note that a mole in ehemistry is a unit of amount of substance (it is a unit of measurement for 
ehemieals) and is defined as the mass of substance that eontains as many elements (atoms, 
molecules, ete.) as there are atoms in 12 g of earbon-12 (International Bureau of VVeights and 
Measores, 2006). 

The eoneept of a mole in ehemistry is quite eomplieated, but it is only neeessary in this ehapter 
to use it in relation to aeid-base balanee. 

• The eoneept of 10“^"^ is an arithmetie one and denotes a very small number: 

=0.00000000000001 of a mole. 

• In bioehemistry, dìssoeìatíon is the separation of a substance into two or more simpler 
substances - such as a molecule into atoms or ions - by the aetion of heat or a ehemieal 
proeess.This proeess is usually reversible. 

The properties of water are such that the minimum eoneentration of H+ ions and OH“ ions is 
lO'^'^mol L“Mnnolesperlitre),whilethemaximumconcentrationofH+ionsandOH“ionsis1 mol 
or 1.00 mol L“L Thus, the dissoeiation properties of water restriet the eoneentration of H+ ions and 
OH“ ions to the range of 10“^"^ to 100 mol L~\ 

Aseale of aeidity and alkalinity has been devised that uses this range of lO'^'^to 100 mol L“^ of 
H+ and OH“ ions - known as the PH seale (see Figures 1.9 and 1.10). Consequently, the addi- 
tion of H-i- ions to pure water results in a proportionate deerease of OH“ ions from the initial 
eoneentration of 10“^ mol L~\ Thus, an H+ ion eoneentration of 10“® mol L“^ results in an OH“ 
eoneentration of 10“® mol L~\ In this way, the eombined totals of H+ and OH" molecules will 
always equal 10"^^The pH seale represents the powers of 10 of H+ ions from 10“^"^ to 10°, but for 
eonvenienee the seale uses positive numbers, so the seale is from pH 14 to pH 0. 

At pH7 an equal number of H+ ions and OH“ ions occurs, while solutions with a pH that is 
lowerthan 7 are aeidsand those with a pH that is greaterthan 7 are bases/alkaline.Thefurther 
away from a pH of 7 a solution beeomes the more aeidie or alkaline it is. 

The pH seale is a logarithmie seale so consequently eaeh whole pH value below 7 is 10 times 
more aeidie than the next highest value. For example, a solution with a pH 3 value is 10 times more 
aeidie than a solution with a pH4 value. In addition, it is 100 times (i.e. 10x10) more aeidie than 
solution with a pH5, and 1000 times (i.e. 10x10x10) more aeidie than a solution that has a 



Fìgure 1.9 The pH seale. Source: Tortora and Derriekson (2014). Reproduced with permission of 
John VViley & Sons. 
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Fìgure 1.10 Simplifìed diagram of a pH seale. 


pH value of 7 (i.e. a neutral solution). Exactly the same applies to pH values that are above 7 (i.e. 
alkaline solutions), in that eaeh is 10 times more alkaline than the next lovvest value. For example, 
a solution vvith a pH of 10 is 10 times more alkaline than one vvith a pH of 9, 100 times (10x10) 
more alkaline than a solution vvith a pH of 8, and so on. 

This last eoneept of logarithmie values and pH is very important for us, as ean be seen in the 
next seetion, vvhieh looks at pH values and blood. 


Blood and pH values 

In blood, the physiologieally normal pH range is 7.35-7.45; that is, it is slightly alkaline. 
Hovvever, a blood pH lovver than 7.35 is eonsidered to be aeidie, vvhereas a pH greater than 
7.45 is alkaline, and vvhen either of these events occurs it ean have a serious effeet on the body, 
as is discussed in other ehapters vvithin this book. The reason is that because the seale is a 
logarithm, then just a small ehange in pH indieates a very signifieant alteration in H+ eoneen- 
tration. Every ehange in one pH unit represents a 10-fold ehange in H+ ion concentration.Thus, 
an alteration of pH from pH 7.4 to pH 7.3 results in a doubling of the H+ ion eoneentration. In 
other vvords: 

. pH8 eontains 10“® mol L“^ or 10 nmol L"^ (nanomoles per litre) of H+ 

• pH 7 eontains 10“^ mol L"^ or 100 nmol L"^ of H+ 

• pH 6 eontains 10"® mol L"^ or 1000 nmol L"^ of H+ 

and so on. 


Homeostasìs 

Homeostasìs is the body's attempt to maintain a stable internal environment by aehieving 
some sort of balanee. The body is normally able to aehieve a relatively stable internal environ- 
ment even though the external environment is eonstantly ehanging - from eold to hot or from 
dry to vvet and so on.The body uses various homeostatie meehanisms to monitor and maintain 
a dynamie state of equilibrium vvithin the body - that is, a balanee in vvhieh the internal envi- 
ronment eonditions ean reaet to external environmental eonditions by ehanging vvithin quite 
narrovv limits. 
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The homeostatie meehanisms include: 

• reeeptors - the body has reeeptors that sense external and internal environmental ehanges 
and provide information on the ehanges to the eontrol eentre; 

• eontrol eentre - the eontrol eentre determines what a particular value (e.g. pH value or blood 
pressure) should be and sends out a message to the effeetors; 

• effeetors - onee they have reeeived the information from the eontrol eentre, the effeetors 
cause responses to take plaee within the body's internal environment that hopefully 
will produce the ehanges that will enable the internal environment to return to normal 
values. 

Organíe and ínorganíe substances 

All substances are elassed either as organie or inorganie depending upon their molecules. 

• Organìe molecules: 

o eontain earbon (C) and hydrogen (H); 
o are usually larger than inorganie molecules; 
o dissolve in water and organie liquids; 

o as a group include earbohydrates (sugars), proteins, lipids (fats) and nucleic aeids (part of 
DNA) - see Chapter3, Geneties. 

• inorganìe molecules: 

o as a group include water (H^O) and earbon dioxide (eo^) and inorganie salts. It is true that 
H^O and eo^ do eontain earbon atoms, but only in such small quantities that they are, at the 
moment still elassified as inorganie - although there is a lot of discussion around this within 
the seientifie community 
o are usually smaller than organie molecules; 
o usually dissolve in water or they reaet with water and release ions; 
o as a group include water (H^O) earbon dioxide (eo^) and inorganie salts. 


Examples of organìe sobstanees 

earbohydrates 

Monosaeeharides (one of the group of sugars known as earbohydrates) provide energy to eells 
as well as supplying the materials that allowfor the building of the various structures of the eell 
(see Chapter2). They eontain earbon (C), hydrogen (H) and oxygen (O) and their structure has 
the ehemieal formula There are three types of earbohydrates: 

• monosaeeharides - glucose and fructose; 

• disaeeharides - sucrose, laetose; 

• polysaeeharides - glyeogen, cellulose. 


Fats (lipids) 

Fats are lipids (known as triglyeerides) and are soluble in organie solvents.They are mainly used 
to provide energy. Like earbohydrates, they eonsist of earbon (C), hydrogen (H) and oxygen (O), 
but because the numbers and proportions of these molecules are different from the earbohy- 
drates, they have different properties. The ehemieal formula for stearin (one type of lipid) is 
e^^H^^pOg. Lipids ean be either saturated or unsaturated. One important group of lipids is the 
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steroid group, which is used to synthesise (produce/construct) hormones. Gholesterol is an 
important member of the steroid group of lipids. 

Proteins 

Proteins are built upfrom amino aeids-this will bediscussed in Chapter3. Proteins are very impor- 
tant as they provide the structural material for the body, as well as being an energy source.They also 
help to form many other substances, including hormones, reeeptors, enzymes and antibodies. 


Examples of ínorganìe sobstanees 

Water (Hp) 

As mentioned above, water is the most abundant compound found in all living material and is a 
major eomponent of all body fluids. It has an important role to play in most metabolie reaetions 
as well as in transporting ehemieals around the body. Water ean both absorb and transport heat 
so it plays a crucial role in maintaining body temperature. 

Oxygen (OJ 

Oxygen is neeessary for survival. It is used by the organelles of the nucleus to release energy 
from nutrients (see Chapter2). 


Unìts of measurement 

To conclude this ehapter, which introduces eertain bioseientifie eoneepts and prepares the 
reader for the remaining ehapters, just some brief notes about units of measurement. This is an 
important seetion because the ability to identify and understand units of measurement will 
enhanee the understanding of the complex human organism. 

Aunitisastandardised,descriptive wordthatspecifiesthedimensionofa number.Traditionally 
there have been seven properties of matter that have been measured independently of eaeh 
other, namely: 

• tìme - measures the duration that something occurs; 

• length - measures the length of an objeet; 

• mass - measures the mass (eommonly taken to be the weight) of an objeet; 

• current - measures the amount of eleetrie current that passes through an objeet; 

• temperature - measures how hot or eold an objeet is; 

• amount - measures the amount of a substance that is present; 

• lumìnous ìntensìty - measures the brightness of an objeet. 

Originally, eaeh country/society had its own units of measurement. In the UK, for example, 
there were such units as furlongs, miles, poles, gallons, quarts, bushels, peeks, and so on.This 
made it difficult for people, particularly seientists, from other countries to work with eaeh other, 
so several years ago an international system of units was agreed upon by most major countries 
(however, a notable exception to this agreement is the USA). This new agreed system beeame 
known as the Système International d'Unités (or Sl units for short). It is a system of units that 
relates present seientifie knowledge to a unified system of units. Tables 1.1,1.2,1.3, 1.4,1.5,1.6 
and 1.7 give the Sl units, unit prefixes and some Imperial unit equivalents that will be useful as 
referenee while working through this book. 






Table 1.1 The fyndamental Sl units 


Quantìty 

Name 

Symbol 

Length 

metre 

m 

Mass 

kilogram 

kg 

Time 

seeond 

s 

Current 

ampere 

A 

Temperature 

Kelvin 

K 

Amount of substance 

mole 

mol 

Luminous intensity 

eandela 

ed 


Table 1.2 Other eommon Sl units 


Physieal quantity 

Name 

Symbol 

Foree 

Nevvton 

N 

Energy 

joule 

J 

Pressure 

paseal 

Pa 

Potential differenee 

volt 

V 

Frequency 

hertz 

Hz 

Volume 

litre 

L 


Table 1.3 l\/lultiples of Sl units 


Prefix 

Symbol 

Meaning 

Seientifie notation 

tera 

T 

one million million 


giga 

G 

one thousand million 

10 ® 

mega 

M 

one million 

10 ® 

kilo 

k 

one thousand 

10 ^ 

heeto 

h 

one hundred 

102 

deea 

da 

ten 

10 ' 

deei 

d 

one tenth 

10-' 

eenti 

e 

one hundredth 

10-2 

milli 

m 

one thousandth 

10-3 

miero 

P 

one millionth 

10-® 

nano 

n 

one thousandth of a millionth 

10-® 

pieo 

P 

one millionth of a millionth 

10-'2 

femto 

f 

one thousandth of a pieo 

10 -'® 

atto 

a 

one millionth of a pieo 

10-'8 
















Table 1.4 IVleasyres of vveight 

1 kg = lOOOg 
1 g = 1000 mg 
1 mg = 10“^ g 
1 Ijg = 10-® g 

1 pound = 0.454 kg/454g 
1 ounce = 28.35 g 
25 g = 0.9 ounce 
1 ounce = 8 dram 


Table 1.5 IVleasyres of volunne 

1 L= lOOOmL 
100mL= 1 dL 
1 mL= lOOOpL 
1 UK gallon = 4.5 L 
1 pint = 568 mL 
1 fluid ounce = 28.42 mL 
1 teaspoon = 5 mL 
1 tablespoon = 15 mL 


Table 1.6 Measares of length 

1 m = 10“^ km 
1 cm = 10"^ m 
1 mm = 10“^ m 
1 m = 39.37 inehes 
1 mile = 1.6 km 
1 yard = 0.9 m 
1 foot = 0.3 m 
1 ineh = 25.4 mm 


Table 1.7 Measures of energy 

1 ealorie = 4.184 J 

100 ealories = 1 dietary Galorie or kiloealorie 
1 dietary Galorie = 4184 J or 4.184 kJ 
1000 Galorie = 4184 kJ 
1 kJ = 0.238 Galories 
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Conclusìon 


This concludes this introduction to the very basies of the bioehemistry of physiology. As you ean 
now appreeiate, bioehemistry and physiology are really quite eomplieated - but also very inter- 
esting, and indeed exciting. After all, as you work through this book, you are learning about 
yourself - how your body works and functions - both in good times (when you are fit and 
healthy) and in bad times (when you are siek or have had an aeeident). Everyone is interested in 
how they function and what happens when they eat and drink, or exercise, or go to the toilet 
and so on - not just you, but also your patients. So this is important knowledge for you to have 
when you are talking to patients.This first ehapter is just the beginning of a journey - think of it 
as a map to help you to eomplete this journey.This journey is one of self-knowledge and aware- 
ness that will lead you to your ultimate goal - a good knowledge of the human body and its 
functioning. Good luck. 



Aeìd A ehemieal substance with a low pH. The opposite of an alkalìne substance. 

Aeìd-base balanee The relationship between an aeídìe environment and an alkalíne one. This is 
essential for maintaining our good health. See pH. 

Alkalì A ehemieal substance with a high pH. The opposite of an aeìdìe substance. 

Anatomy The study of the structures of the body. 

Antìbody Antibodies are proteins that ean reeognise and attaeh to infectious agents in the body, 
and so provoke an immune response to these infectious agents. 

Atomíe number Relates to the number of protons to be found in any one atom. 

Atoms The base of all life, atoms are extremely minute and eonsist of different numbers of protons, 
neutron and eleetrons. 

Base Another name for an alkalìne substance. 

Bonds The joining together of various substances, particularly atoms and molecules. See ehemìeal 
bond, eovalent bonds, ìoníe bonds, and polar bonds. 

ehemìeal bond The'attraetive'foree that holds atoms together. 

ehemìeal reaetìon A proeess in which ehemieal substances are transformed into something 
eompletely different.This is usually depieted in a ehemieal equation. 

Compounds A pure substance that is made up of two or more elements that are ehemìeally 
bonded together. 

eovalent bonds Bonds between atoms caused by the sharing of eleetrons between the 

atoms. 

Eleetrolyte Substance that is able to move to opposite eleetrieally eharged eleetrodes in 
fluids. 

Eleetrons The parts of an atom that earry a negative eleetrieal eharge. See neutrons and protons. 
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Elements A pure ehemieal substance which eannot be broken clown into anything simpler by 
ehemieal means (e.g. iron, hydrogen). 

Enzymes Proteins that are produced by eells and ean cause very rapid bioehemieal reaetions in the 
body. 

Homeostasís The name given to proeesses in which both negative and positive eontrols are given 
over variables; they usually involve negative feedbaek, and the aim is to maintain a stable internal 
environment. 

inorganìe substances Substances that do not eontain earbon molecules (e.g. water). 

lonie bonds Bonding that takes plaee when atoms lose or gain eleetrons. This alters the eleetrieal 
eharge of the atoms. 

lons lons are atoms that are no longer in a stable state (i.e. they are no longer eleetrieally neutral but 
are either positively or negatively eleetrieally eharged). 

Mole The unit of measurement for the amount of a substance. 

Moleeoles The smallest part of an element or compound that ean exist on its own (e.g. sodium 
ehloride). 

Neutral substance A ehemieal substance that is neither aeídíe nor alkalíne. 

Neutron The parts of an atom that earry a neutral eleetrieal eharge (i.e. they have no eleetrieal 
eharge). See eleetrons and protons. 

Organelle Structural and functional parts of a eell. 

Organíe substances Substances that eontain earbon molecules (e.g. earbohydrates, lipids (fats) 
and proteins). 

Osmosís The movement of water aeross a semi permeable membrane from an area of low solute 
eoneentration to an area of high solute eoneentration; this allows for equilibrium of solute and 
water density on both sides of the semi permeable membrane. 

PH A measure of the aeidity or alkalinity of a solution. See aeìd-base balanee. 

Physíology The study of the way in which the body structures function. 

Polar bonds Polar bonds occur when atoms of different eleetronegativities form a bond. 
Consequently, the molecules that are then formed also earry a weak negative eleetrieal eharge, which 
allows molecules to ìonìeally bond, just like atoms.They are also known as hydrogen bonds because 
hydrogen molecules have to be present for polar bonding to exist. Examples of such molecules 
include hydroehlorie aeid and water. 

Product (ehemíeal reaetìons) The new substance formed following a ehemìeal reaetìon. 

Protons The parts of an atom that earry a positive eleetrieal eharge. See eleetrons and neutrons. 

Reaetant (ehemìeal reaetìons) The individual substances involved in a ehemíeal reaetìon. 

Shell (of an atom) The name that is given to the orbits of eleetrons moving around the nucleus 
(eontaining protonsand neutrons) of an atom. 

Valeney A measure of the eombining power of atoms. 
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Aetìvìties 

IVIultiple ehoíee questions 

1. The eharaeteristies of life include: 

(a) digestion, excretion, irritation 

(b) absorption, bleeding, circulation 

(e) excretion, perspiration, reproduction 

(d) intelligenee, grovvth, responsiveness 

2. There are five essential requirennents for all organisms.These are: 

(a) earbon dioxide, vvater, mouths, rectums, oxygen 

(b) oxygen, pressure, heat, vvater, food 

(e) food, lovv temperatures, earbon dioxide, oxygen, pressure 

(d) pressure, spatial avvareness, sight, vvater, food 

3. Protons possess: 

(a) a stable eleetrieal eharge 

(b) no eleetrieal eharge 

(e) a negative eleetrieal eharge 

(d) a positive eleetrieal eharge 

4. VVhieh of thefollovving is not a type of ehemieal bond? 

(a) polar 

(b) equatorial 

(e) ionie 

(d) eovalent 

5. There are three elasses of elements, namely: 

(a) metals, non-metals, metalloids 

(b) metals, oxidants, eleetrons 

(e) earbons, non-metals, metalloids 

(d) metalloids, non-metals, atomie 

6 . VVhieh of the follovving are organie substances? 

(a) earbohydrates, proteins, lipids 

(b) earbohydrates, vvater, oxygen 

(e) vvater, proteins, lipids 

(d) lipids, oxygen, proteins 

7. Homeostasis is: 

(a) the effeetive use of reeeptors 

(b) a measurement of aeidity in the body 

(e) the body's attempt to maintain a stable environment 
(d) a eombination of physieal properties 
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True or 

1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 
9. 

10 . 


A moleeyle of water is a eombination of which atoms: 

(a) 1 xhydrogen, 1 xoxygen, 1 xcarbon atoms 

(b) 2 xoxygen, 1 xcarbon atoms 
(e) 2xoxygen, 1 xhydrogen atoms 

(d) 1 Xoxygen, 2 x hydrogen atoms 
In bioehemistry, a'mole'is a unit of: 

(a) intensity 

(b) luminosity 

(e) pHvalues 

(d) substance 

Water is a requirement for the body in order to help: 

(a) release energy 

(b) regulate body temperature 

(e) provide energy 

(d) keep blood flowing through the body 

false 

An ion is an atom that is in an eleetrieally neutral state. 
l\/lolecules are eombinations of atoms. 

Polar bonds occur between molecules. 

Many eleetrolytes are essential minerals. 

Reaetions with an aeid or alkaline substance are physieal properties of elements. 

Salt is not a compound. 

There are always more atoms and molecules present following a ehemieal reaetion. 
Organie substances eontain earbon and hydrogen. 

Lipids are examples of inorganie substances. 

Proteins are built up from amino aeids and provide the structural material for the body. 


Label the diagram 1 

Label the diagram using the following list of words: 
Proton, Neutron, Paths of orbit, Nucleus, Eleetron 



Fill in the blanks 1 

Llsing words from the following list fiH in the missing blanks: 


body effeetors environmental external feelers homeostatie internal meehanisms 
messages physieal pressure problems reeeptors response stable stimulitype unstable 
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Homeostasis is the body's attempts to maintain a_internal environment.To do this, 

it has to be able to ehange in response to both_(e.g. environmental temperature) 

and internal_(e.g. blood pressure) ehanges. Various_are utilised by the 

bodytomaintain homeostasisJncluding_tosenseexternaland internal_ 

ehanges. Reeeptors then send out messages to the_eontrol eentre, which deter- 

mines the particular value - for example, the eorreet temperature or blood_required 

for the essential functioning of the body. This then sends a_to the body's 

_, which, in turn, cause the body's_environment to counteract the 

effeets of the various stimuli/changes. 

Word seareh 1 

Find the words listed in the following grid. 
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0 
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N 
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T 

L 
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e 

H 

E 

R 

L 

S 

N 

T 
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0 

E 

M 

A 

Y 

B 

G 

s 
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D 

A 
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A 
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Y 

E 

D 

A 

A 

H 

T 

e 

Q 

0 
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K 

E 
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R 

Y 

N 
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X 
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U 
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N 

1 

P 

P 

R 

0 

T 

E 

1 

N 
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A 

L 

T 

e 

H 
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1 

G 

P 

L 

1 

P 

1 

D 

F 

E 

V 

L 
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V 
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B 

L 

Y 

1 

F 

R 

U 

K 

L 

0 

Z 

E 

N 

Y 

E 

L 

E 

M 

E 

N 

T 
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E 

S 

S 

T 

1 

M 

A 

B 

L 

E 

Q 

U 

E 


Anatomy, Atom, Garbon, Element, Hydrogen, lon, Iron, Lipid, Moleeole, Neutron, Organelle, 
Protein, Proton 


Test your learníng 

1. What is the importanee of respiration for the body? 

2. Why is water essential for all organisms, including humans? 
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3. How is the atomie number of an atom calculated? 

4. What is an ion, and what is its importanee for us? 

5. Make a list of some of the eommon elements found in the body. 

6 . Explain what is happening in the ehemieal reaetion as depieted by this ehemieal equation: 


27 


GóHi^Oó + 6 O 2 ^ 6 C 02 + 6 H 2 O + ATP (cellular energy) 

7. Discuss the importanee of the pH of blood. 

8 . Discuss the importanee of earbohydrates to the body. 


Find out more 

1. Look at a eopy of the periodie table of elements and mark off the ones you have eome 
aeross in this ehapter and that are important for humans. 

2. Many eleetrolytes are essential minerals for the body. Find out which these are. 

3. Find out about and make notes on, the proeess of osmosis and its importanee for human 
functioning and health. 

4. Discuss the aeid-base balanee and its importanee for maintaining good health - and, 
indeed, for life itself. 

5. Discuss what is happening in these two equations-you will need to have aeeess toehemieal 
abbreviations to help you understand the symbols: 

N 2 + 3 H 2 ^2NH3 

H^eO^ ^H^+HC 03 “ 

6 . Find out the normal range of human pH and then discuss why it is important for the nurse 
to alert medieal staff if a patient's pH is found to be outside the normal range. 

7. Find out more about the importanee of homeostasis to health. 

8 . Lipids/fats ean be either saturated on unsaturated - find out from the foodstuffs that you 
normally eat which of them eontain either or both of these types of lipids and their role(s) 
in healthy nutrition. 

9. Take one day, and on that day look at your breakfast lunch and tea/dinner (as well as 
snaeks, ete.) and try to find out the eontents of them all in terms of earbohydrates, lipids 
and proteins. 

10. How ean a nurse help to provide a healthy diet for their patients while they are in hospital 
and/or the community? 

Fìll In the blanks 2 

Llsing words from the following list fill in the missing blanks: 

atom ehemieal eleetrieal eleetron eleetrons equal to greater than ion 
less than minus molecule negative neutron organ organelle physieal 
plus positive protein protons 

An_is an atom or_in which the total number of_is not_the 

total number of protons. Henee the_or molecule has a net_or negative_ 

eharge. 
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Word seareh 2 

Find the follovving vvords belovv in the grid, and then vvrite something about eaeh of them: 

Alkali, Atom, Calcium, Govalent Fats, Hydrogen, lon, Mass, Mercury, Metal, Organ, pH, Physiology, 
Polar Bonds, Sodium 
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Label the diagram 2 

Fill in the missing vvords in the three lovver boxes. 


THE ATOM 














































Test your prior knovviedge 

Draw and label the structures of a hunnan eell. 

• What is thefunction of eytoplasm? 

• List the functions of the eell membrane. 

Where would you find the extracellular eompartment in a eell? 

Deseribe the functions and regulatory meehanisms that maintain water and eleetrolyte 
balanee in the body. 


Learning outcomes 

After reading this ehapter you will be able to: 

Outline the structure and function of the plasma membrane 
Deseribe the functions of the organelles 
Explain the cellular transport system 
Identify the fluid eompartments of the body 

List the major eleetrolytes of the extracellular and intracellular eompartments of the body 
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lntroductíon 

Cells are the structural and functional units of all living organisms. Some organisms, such as 
baeteria, are unicellular, eonsisting of a single eell. Other organisms, such as humans, are 
multicellular, indieating that humans are made up of many eells (see Figure 2.1). They are the 
smallest independent units of life vvith different parts (see Figure 2.2) that perform their ovvn 
function (see Table 2.1). For the eells to survive some fundamental ehemieal aetivities occur 
vvithin the eell. Some of these aetivities include cellular grovvth, metabolism and reproduction. 
Eaeh eell is an amazing unit of life; it ean take in nutrients, eonvert these nutrients into energy, 
earry out speeialised functions and reproduce as neeessary. Most amazingly, eaeh eell stores its 
ovvn set of instructions for earrying out eaeh of these aetivities. 

Substancessuch as vvater, eleetrolytes and nutrients move in and out of a eell utilising a trans- 
port system.There is eonstant movement of fluid and eleetrolytes betvveen the intracellular and 
extracellular eompartments. The movement of fluid and eleetrolytes ensures that the eells 
reeeive a eonstant supply of eleetrolytes, such as sodium, ehloride, potassium, magnesium, 
phosphates, biearbonate and calcium, for cellular function.The eell eonsists of four basie parts: 

eell membrane 
eytoplasm 
nucleus 
nucleoplasm. 



Sperm eell 


r 


í 

yj 




Smooth muscle eell 


Nerve eell 



Red blood eell 


Epithelial eell 


Figure 2.1 Examples of some eells of the human body. Source: Tortora and Derriekson (2009). 
Reproduced vvith permission of John Wiley & Sons. 
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Fìgure 2.2 Structure of a eell. Source: Nair and Peate (2009). Reproduced vvith permission of John 
Wiley &Sons. 

Table 2.1 Cellular eompartments and their functions 


eomponents 

Functìons 

Gentrioles 

Cellular reproduction 

ehromatin 

Gontains genetie information 

eilia (pleural) 

Movesfluid or partieles overthe surface of the eell 

Gytoplasm 

Fluid portion that supports organelles 

Gytoskeleton 

Provides support and site for speeifie enzymes 

Endoplasmie reticulum (rough 
and smooth) 

Many functions, including site for protein transportation, modifieation of drugs and 
synthesis of lipids and steroids 

Glyeogen granules 

Stores for glyeogen 

Golgi complex 

Paekages proteins for seeretion 

Intermediate filament 

Helps to determine the shape of the eell 

Lysosomes 

Break down and digest harmful substances - in normal eells, some of the synthesised 
proteins may be faulty; lysosymes are responsible for their removal 

Mierofilaments 

Provide structural support and eell movement 

Microtubules 

They also provide conducting ehannels through which various substances ean move 
through the eytoplasm; provide shape and support for eells 


(Continued) 
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Table 2.1 (Continued) 


eomponents 

Functìons 

Mierovilli 

inerease eell surface; site for seeretion, absorption and cellular adhesion 

Mitoehondria 

Energy-producing site of the eell; mitoehondria are self-replieating 

Nucleolus 

Site for the formation of ribosomes 

Nucleus 

Gontains genetie information 

PeroKÌsonnes 

Carry out metabolie reaetions; site for the destruction of hydrogen peroxide; proteet the 
eell from harmful substances, such as aleohol and formaldehyde 

Plasma membrane 

Regulates substances in and out of a eell 

Ribosomes 

Sites for protein synthesis 

Seeretory vesieles 

Seerete hormones, neurotransmitters 


Cell membrane 

Like all other cellular membranes, the plasma membrane eonsists of both lipids and proteins. 
The fundamental structure of the membrane is the phospholipid bilayer, vvhieh forms a stable 
barrier betvveen tvvo aqueous eompartments. In the ease of the plasma membrane, these 
eompartments are the inside and the outside of the eell. Proteins embedded vvithin the 
phospholipid bilayer earry out the speeifie functions of the plasma membrane, including selee- 
tive transport of molecules and eell-eell reeognition. 

The eell membrane is a thin membrane that forms the outermost layer of a eell, and it is also 
ealled the plasma membrane.This membraneensures the boundary and integrity oftheeell and 
that its eontents are separated from the surrounding environment.The eell membrane eontains 
a variety of biologieal molecules, mainly proteins and lipids, vvhieh are involved in many cellular 
functions, such as cellular communication and cellulartransport.The eell membrane is made up 
of a double layer (bilayer) of phospholipid (fatty) molecules vvith protein molecules interspersed 
betvveen them (see Figure 2.3). The eell membrane ean vary from 7.5 to 10 nm (nanometres) in 
thiekness (Jenkins and Tortora, 2013). 

The phospholipid bilayer eonsists of a polar'head'end, vvhieh is hydrophilie (vvater loving), 
and fatty aeid'tails' vvhieh are hydrophobie (vvater hating).The hydrophilie heads are situated on 
the outer and inner surfaces of the eell, vvhile the hydrophobie areas point into the eell mem- 
brane (see Figure 2.3) as they are'vvater-hating'ends.These phospholipid molecules are arranged 
as a bilayer vvith the heads faeing outvvards. This means that the bilayer is self-sealing. It is the 
eentral part ofthe plasma membrane, eonsisting of hydrophobieTails'that makes theeell mem- 
brane impermeable to vvater-soluble molecules, and so prevents the passage of these molecules 
into and out of the eell (Marieb and Hoehn, 2013). Hovvever, substances need to enter and leave 
the eells for the eells to survive and function; these are provided by speeial proteins, such as 
integral and peripheral membrane proteins (see Figure 2.3). 

The integral transmembrane proteins are attaehed to the eell membrane and they ean form 
ehannels that allovvfor the transportation of materials into and out of the eell. Examples of inte- 
gral transmembrane proteins include voltage-gated ion ehannels, such as those that transport 
potassium ions in and out of eells, eertain types ofTeell reeeptors, the insulin reeeptor, and many 
other reeeptors and neurotransmitters. On the other hand, peripheral membrane proteins are 
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Fìgure 2.3 Cell membrane. Source: Tortora and Derriekson (2009). Reproduced vvith permission of 
John Wiley & Sons. 

proteinsthatadhere temporarilytotheeell membranevvith vvhieh theyareassoeiated. Peripheral 

membrane proteins may interaet vvith other proteins or direetly vvith the lipid bilayer. 

Functíons of the eell membrane 

Cell membranes serve several important functions: 

• They are seleetive semi permeable membranes, vvhieh means that some molecules ean diffuse 
aeross the lipid bilayer but others eannot. Small hydrophobie molecules and gases like oxygen 
and earbon dioxide eross membranes rapidly. Small polar molecules, such as vvater and 
ethanol, ean also pass through membranes, but they do so more slovvly. On the other hand, 
eell membranes restriet diffusion of highly eharged molecules, such as ions, and large 
molecules, such as sugars and amino aeids.The passage of these molecules relies on speeifie 
transport proteins embedded in the membrane. 

• Membrane transport proteins are speeifie and seleetive for the molecules they move, and 
they often use energy to eatalyse passage. Also, these proteins transport some nutrients 
against the eoneentration gradient vvhieh requires additional energy. The ability to maintain 
eoneentration gradients and sometimes move materials against them is vital to eell health 
and maintenanee. Thanks to membrane barriers and transport proteins, the eell ean 
accumulate nutrients in higher eoneentrations than exist in the environment and, eonversely, 
get rid of vvaste products (Figure 2.4). 

• Other transmembrane proteins have communication-related jobs. These proteins bind 
signals, such as hormones or immune mediators, to their extracellular portions. Binding 
causes a eonformational ehange in the protein that transmits a signal to intracellular 
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Fìgure 2.4 Seleetive transport system. Source: O'Gonnor and Adams (2010). Reproduced vvith permission 
of Nature Publishing Group. 

messenger molecules. Like transport proteins, reeeptor proteins are speeifie and seleetive for 
the molecules they bind (Figure 2.5). 

Some of the proteins embedded in a eell membrane provide structural support to the eell, 
vvhile others are enzymes vvhere ehemieal reaetions occur. Some membrane proteins regulate 
vvater-soluble substances through pores in the eell membrane; others are reeeptors vvhere hor- 
mones and other substances such as neurotransmitters aet. Other important eell membrane 
proteins are glyeoproteins, vvhieh play an important role in eell-eell reeognition. An example of 
glyeoproteins is mucins, vvhieh are seereted in the mucus of the digestive and respiratory traets. 

Cellular fluìd eompartments 

The tvvo prineipal body fluid eompartments are intracellular and extracellular. The intracellular 
eompartment is the spaee inside a eell and the fluid inside the eell is ealled intracellular fluid 
(ICF). The extracellular eompartment is found outside the eell and the fluid outside the eell is 
ealled extracellular fluid (ECF). Hovvever, the extracellular eompartment is further divided into 
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Fìgure 2.5 Aetion of transmembrane proteins. Source: O'Gonnor and Adams (2010). Reproduced vvith 
permission of Nature Publishing Group. 
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Fìgure 2.6 Fluid eompartments. Source: Nair and Peate (2009). Reproduced vvith permission of John 
Wiley &Sons. 


the interstitial and the intravascular eompartments. Tvvo-thirds of body fluid is found inside the 
eell and one-third of the fluid outside the eell.The interstitial eompartment eontains 80% of the 
ECF, and 20% is in the intravascular eompartment as plasma (Figure 2.6). 

Intracellular fluìd 

• The ICF is primarily a solution of potassium and organie anions, proteins, and so on. 

• The eell membranes and cellular metabolism eontrol the constituents of this ICF. 

• ICF is not eonsistent in the body. It represents a eolleetion of fluids from all the different eells. 
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Extracellular fluíd 

• The ECF primarily eonsists of NaCI and NaHeO^ solution. 

• The ECF is further subdivided into three eompartments: 

• Interstitial fluid (ISF) eonsists of all the bits of fluid that lie in the interstiees of all body 
tissues. This is also a Virtuarfluid (i.e. it exists in many separate small bits but is spoken 
about as though it is a pool of fluid of uniform eomposition in the one loeation). The ISF 
bathes all the eells in the body and is the link betvveen the ICF and the intravascular 
eompartment. Oxygen, nutrients, vvastes and ehemieal messengers all pass through the ISF. 
ISF has the eompositional eharaeteristies of ECF (as mentioned above), but in addition it is 
distinguished by its usually lovv protein eoneentration (in eomparison vvith plasma). Lymph 
is eonsidered as a part of the ISF.The lymphatie system returns protein and excess ISF to the 
circulation. Lymph is more easily obtained for analysis than other parts of the ISF. 

• Plasma is the only major fluid eompartment that exists as a real fluid eolleetion all in 
one loeation. It differs from ISF in its much higher protein eontent and its high bulk 
flovv (transport function). Blood eontains suspended red and vvhite eells, so plasma has 
been ealled the 'ISF of the blood'. The fluid eompartment ealled the blood volume is 
interesting in that it is a eomposite eompartment eontaining ECF (plasma) and ICF (red 
eell vvater). 

• Transcellular fluid is a small eompartment that represents all those body fluids that are 
formed from the transport aetivities of eells. It is eontained vvithin epithelial-lined spaees. It 
includes eerebrospinal fluid, gastrointestinal traet fluids, bladder urine, aqueous humour 
and joint fluid. It is important because of the speeialised functions involved.The fluid fluxes 
involved vvith gastrointestinal traet fluids ean be quite signifieant. 

• The fluid of bone and dense eonneetive tissue is signifieant because it eontains about 15% 
of the total body vvater. This fluid is mobilised only very slovvly, and this lessens its 
importanee vvhen eonsidering the effeets ofacute fluid interventions. 

Snapshot 

Loss of fluid and eleetrolytes through burns 

Boon Sevv, a 48-year-old male, vvas brought in by ambulance to the emergeney department after 
being rescued from his burning house. He vvas asleep at night vvhen a spark from the family fìre- 
plaee started a fìre, leaving him trapped in his bedroom. By the time the fìre rescue team arrived, he 
had suffered severe burns and excessive smoke inhalation. 

On arrival to the emergeney department, he vvas unconscious. He had seeond-degree burns 
over 5% of his body and third-degree burns over 20% of his body - both eovering his thoraeie and 
abdominal regions and his right elbovv. His vital signs vvere quite unstable: blood pressure vvas 
53/35 mmHg; heart rate vvas 200 beats/min; and respiratory rate vvas 38 breaths/min. He vvas dete- 
riorating from circulatory failure. Tvvo intravenous lines vvere inserted and fluids and eleetrolytes 
vvere administered through eaeh. His vital signs stabilised and he vvas admitted to the intensive 
eare unit. 

Boon Sevv regained consciousness the follovving day and vvas able to respond verbally. Onee his 
eondition vvas stable and he vvas able to respond to treatment, he vvas transferred to the vvard 
vvhere he continued to make a good reeovery. He vvas then diseharged into the community after 
making a full reeovery. 
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Fluíd movement betvveen eompartments 

The movement of fluid betvveen the intracellular and the extracellular eompartments is primarily 
eontrolled by tvvo forees: 

• hydrostatiepressare - the pressure exerted by the fluid; 

• osmotiepressare - the pressure that must be exerted on a solution to prevent the passage of 
vvater into it aeross a seleetive permeable membrane. 

Furthermore, the movement of fluid is dependent on solutes dissolved vvithin the fluid; ehanges 
in the eoneentration of solutes vvill affeet fluid movement betvveen eompartments. Similarly, 
ehanges in fluid volume vvill also affeet fluid movement betvveen eompartments. An example of 
fluid and solute movement that occurs in the body is vvhen blood pressure (hydrostatie pressure) 
forees fluid and solutes from the arterial end of the eapillaries into the ISF spaee (see Figure 2.7). 
Fluid and solutes return to the eapillaries at the venous end as a result of the osmotie pressure. 
Fluid also enters the lymphatie eapillaries from the interstitial spaee as a result of the osmotie 
pressure in the lymphatie vessels. 

The movement of fluid betvveen the intracellular and extracellular eompartments is the 
result of hydrostatie and osmotie pressures. In a normal state of health, the hydrostatie pres- 
sure in the intracellular eompartment and the interstitial spaee is in balanee and therefore 
the fluid movement is minimal. Hovvever, ehanges in the osmotie pressure either in the intra- 
cellular or extracellular eompartments ean affeet fluid movement. As the eapillary barrier is 
readily permeable to ions, the osmotie pressure vvithin the eapillary is prineipally determined 
by plasma proteins that are relatively impermeable.Therefore, instead of speaking ofosmotie' 
pressure, this pressure is referred to as the 'oneotie' pressure or 'eolloid osmotie' pressure 
because it is generated by eolloids. Albumin generates about 70% of the oneotie pressure. 
This pressure is typieally 25-30 mmHg. The oneotie pressure inereases along the length of 
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Fìgure 2.7 Gapillary hydrostatie and osmotie pressures. Soaree: Peate and Nair (2011). Reproduced 
vvith permission of John Wiley & Sons. 
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the eapillary, particularly in eapillaries having high net filtration (e.g. in renal glomerular 
eapillaries), because the filtering fluid leaves behind proteins, leading to an inerease in 
protein eoneentration. 


eomposìtìon of body fluìd 

The body fluid is eomposed of vvater and dissolved substances such as eleetrolytes (sodium, 

potassium and ehloride), gases (oxygen and earbon dioxide), nutrients, enzymes and hormones. 

The total body vvater constitutes 60% of the total body vveight, and vvater plays an important 

part in cellular function (LeMone etal., 2011). Water is essential for the body as: 

• It aets as a lubricant vvhieh makes svvallovving easy. 

It is also the major eomponent of the body's transport systems. The blood transports 
nutrients, oxygen, glucose and fats to various tissues and eells. Also, the vvaste products of 
cellular metabolism are removed, such as laetie aeid and earbon dioxide. Via the urine, a 
number of vvaste products are transported out of the body; for example, urea, phosphates, 
sulfites, minerals, ketones from fat metabolism and nitrogenous vvaste from protein 
breakdovvn. 

It is needed for regulation of body temperature at 37 °C. When body temperature starts to 
rise, blood vessels near the surface of the skin dilate to release some of the heat; the reverse 
happens vvhen body temperature starts to drop. Also, vvhen body temperature rises, svveat 
glands seerete svveat, vvhieh is 99% vvater. As the svveat evaporates, heat is removed from 
the body. 

• It provides an optimum medium for the eells to function. 

There are ehemieal reaetions in the body vvhieh require vvater. A synthesis reaetion 
involves the joining of tvvo molecules by the removal of a vvater molecule, and a 
hydrolysis reaetion involves a molecule being split into tvvo smaller molecules vvith the 
addition of vvater. 

• It breaks dovvn food partieles in the digestive system. 

• It provides lubrication for the joints as it is a eomponent of synovial fluid. It is also a eomponent 
of tears, vvhieh lubricate the eyes, and of saliva to provide lubrication to food, vvhieh aids 
ehevving, svvallovving and digestion of food. It also has proteetive roles, vvashing avvay 
partieles that get into the eyes, providing cushioning against shoek for the eyes and the 
spinal eord. It is also a eomponent of amniotie fluid, vvhieh provides proteetion for the foetus 
during pregnaney. 


Effeets of water defíeíeney 

Defieieney of vvater in the body ean affeet various functions, and in severe eonditions it might 
also lead to death. Some of the problems assoeiated vvith vvater defieieney include: 

lovv blood pressure 

inereased elotting of blood 

kidney dysfunction, leading to renal failure 

severe eonstipation 

multisystem failure 

proneness to infeetion 

eleetrolyte imbalanee. 
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Medieines management 

Diuretics 

Diuretics inerease urine excretion of both vvater and eleetrolytes, and are eommonly ealled 'vvater 
tablets' In general, they inhibit eleetrolyte reabsorption from the lumen of the nephron, inereasing 
osmolarity and enhaneing vvater excretion. Diuretics have different elinieal uses depending on 
their sites and meehanisms of aetion. The sub-classes of diuretics include: 

Thiazides (e.g. bendroflumethiazide, hydroehlorothiazide, and the thiazide-like diuretic 
indapamide) are used mainly in lovv doses in the treatment of hypertension, but also, in the 
ease of metolazone, in eombination vvith loop diuretics to treat severe heart failure. 

Loop diuretics (e.g. furosemide, bumetanide, torasemide) are vvidely used for the symptomatie 
treatment of heart failure and fluid retention in ehronie kidney disease. 

Potassium-sparing diuretics (e.g. amiloride, triamterene) are vveak diuretics, vvhereas 
spironolaetone and eplerenone are used in the treatment of hypertension, oedema of liver 
failure, and heart failure. 

Osmotie diuretics (mannitol) are used in a hospital setting for the treatment of eerebral oedema. 
Garbonie anhydrase inhibitors (aeetazolamide) are used for the prophylaxis of mountain siek- 
ness (unlicensed indieation) and glaucoma. 

Gommon problems are: 

potassium loss vvhen non-potassium-sparing diuretics are used; 

metabolie disturbances; 

hypotension; 

renal failure - at high doses, diuretics may cause a pre-renal uraemia. 

See Rull(2013). 


Varíatìon ín body fluíd eontent 

Neonates eontain more vvater than adults: 75-80% vvater vvith proportionately more ECF than 
adults. At birth,theamount of ISF is proportionallythreetimes largerthan in an adult. Bytheage 
of 12 months this has deereased to 60%, vvhieh is the adult value.Total body vvater as a pereent- 
age of total body vveight deereases progressively vvith inereasing age. By the age of 60 years, 
total body vvater may deerease to only 50% of total body vveight in males, mostly due to an 
inerease in adipose tissue. 

eiinieal eonsiderations 

Dehydration 

Dehydration may be caused by restrieted vvater intake, excessive vvater loss or both. The most 
eommon cause of dehydration is failure to drink liquids.The deprivation of vvater is far more serious 
than the deprivation of food.The average person loses approximately 2.5% of total body vvater per 
day (approximately 1200 mL) in urine, in expired air, by insensible perspiration and from the 
gastrointestinal traet. If, in addition to this loss, the loss through perspiration is greatly inereased, 

{Continued) 
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dehydration may result in shoek and death vvithin only a fevv hours. When svvallovving is difficult in 
extremely ill patients, or vvhen people eannot respond to a sense of thirst because of age or 
illness or dulling of consciousness, the failure to eompensate for the daily loss of body vvater 
vvill result rapidly in dehydration and its consequences. Large volumes of vvater also may be lost 
from the body by vomiting or diarrhoea. 

The symptoms of dehydration depend in part on the cause and in part on vvhether there is 
assoeiated saltdeprivation.When loss ofvvater isdisproportionately greaterthan loss ofeleetrolytes 
(salt), the osmotie pressure of the ECFs beeomes higher than in the eells. Sinee vvater passes from 
a region of lovver osmotie pressure to a region of higher osmotie pressure, vvater flovvs out of the 
eells into the ECF, tending to lovver its osmotie pressure and inerease its volume tovvard normal. As 
a result of the flovv of vvater out of the eells, they beeome dehydrated.This results in the thirst that 
alvvays accompanies'pure'vvater depletion. 


Transport systems 

Cells utilise tvvo proeesses to move substances in and out of the eell: the passive and aetive 
transport systems. When molecules pass in and out of a eell membrane vvithout the use of 
cellular energy it is ealled a passive transport system. This includes: 

simple diffusion 
faeilitated diffusion 

• osmosis 

• filtration. 

On the other hand, an aetive transport system requires energy to move substances in and out 
of a eell.The aetive transport systems include: 

aetive transport vvith the utilisation of adenosine triphosphate (ATP) 

endoeytosis 

exocytosis. 


Símple díffusíon 

The term simple diffusion refers to a proeess vvhereby a substance passes through a membrane 
vvithout the aid of an intermediary, such as an integral membrane protein (Figure 2.8). Water, 
oxygen, earbon dioxide, ethanol and urea are examples of molecules that readily eross eell 
membranes by simple diffusion. They pass either direetly through the lipid bilayer or through 
pores ereated by eertain integral membrane proteins. Small non-polar molecules ean diffuse 
direetly through the plasma membrane. One example of simple diffusion is the exchange of 
respiratory gases betvveen the eells of the alveolar sae and the blood in the lungs. The rate of 
diffusion depends on several faetors, and they are: 

gases diffuse rapidly and liquids diffuse more slovvly; 
at high temperature, the rate of diffusion is much faster; 

smaller molecules, such as glyeerol, vvill diffuse much faster than larger molecules, like fatty aeids; 
surface area of the eell membrane over vvhieh the molecule ean vvork; 
solubility of the molecule; 
eoneentration gradient. 
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Fìgure 2.8 Simple diffusion. Source: Nair and Peate (2009). Reproduced vvith permission of 
John Wiley & Sons. 
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Fìgure 2.9 Faeilitated diffusion. Soi/ree:Tortora and Derrikson (2009). Reproduced vvith permission of 
John Wiley & Sons. 

Faeìlìtated díffusíon 

Faeilitated diffusion (faeilitated transport) is a proeess of passive transport (diffusion) via vvhieh 
molecules diffuse aeross eell membranes, vvith the help of transport proteins. Small uncharged 
molecules ean easily diffuse aeross eell membranes. Hovvever, due to the hydrophobie nature of 
the lipids that make up eell membranes, vvater-soluble molecules, and ions eannot do so; instead, 
they are helped aeross by transport proteins. Larger molecules, such as amino aeids, eannot pass 
the eell membrane and therefore they use a proeess ealled faeilitated diffusion to go through the 
eell membrane (see Figure 2.9). No direet cellular energy is used in this proeess. Glucose, sodium 
and ehloride ions are just a fevv examples of molecules and ions that must effieiently get aeross the 
plasma membrane.Their transport must therefore beTaeilitated'by proteins that span the eell 
membrane and provide a passagevvay for these substances. Like simple diffusion, faeilitated 
diffusion transport substances from an area of high eoneentration to an area of lovv eoneentration. 
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eiinieal eonsiderations 

Administration of intravenous fluids 

Administration of excess fluid may cause several problems after surgery. The resulting inereased 
demands on eardiae function, due to an excessive shift to the right on the Starling myoeardial per- 
formanee curve, may potentially inerease postoperative eardiae morbidity. Fluid accumulation in 
the lungs may predispose patients to pneumonia and respiratory failure.The excretory demands of 
the kidney are inereased, and the resulting diuresis may lead to urinary retention mediated by the 
inhibitory effeets of anaestheties and analgesies on bladder function. Gastrointestinal motility may 
be inhibited, prolonging postoperative ileus. Excess fluid may deerease tissue oxygenation vvith 
implieations for vvound (anastomotie) healing. Finally, coagulation may be enhaneed vvith erystal- 
loids, vvhieh may predispose patients to postoperative thrombosis. 

Nurses need to be avvare of these eomplieations vvhen administering preseribed intravenous 
fluid to patients. They should ensure that the fluid is running on time. Monitor the patient's obser- 
vations regularly and eheek for signs such as breathlessness, taehyeardia and peripheral eyanosis. 

See Holte etal. (2002). 


Osmosìs 

Osmosis is a proeess vvhere vvater moves from an area of volume of high vvater eoneentration to 
a volume of lovv vvater eoneentration through a seleetive permeable membrane. A seleetively 
permeable membrane is one that allovvs unrestricted passage of vvater, but not solute molecules 
or ions. The relative eoneentrations of vvater are determined in the amount of solutes dissolved 
in the vvater. For example, a higher eoneentration of salt on one side of the eell membrane means 
that there is less spaee for vvater molecules. Water then vvill move from the side vvhere there is 
the greater number of vvater molecules through the eell membrane to the other side of the eell 
vvhere there are fevver vvater molecules. This is knovvn as osmotie pressure. The higher the eon- 
eentration of the solute on one side of the membrane, the higher the osmotie pressure available 
for the movement of the vvater (Golbert etal., 2012). 

The osmotie pressure ean be too great and damage the eell membrane; therefore, it is impor- 
tant for the eell to have a relatively eonstant pressure betvveen the internal and external environ- 
ment. If the osmotie pressure on one side of the eell is greaterthan on the other side, ehanges to 
the eell could take plaee resulting in eell damage. A red blood eell plaeed in a solution vvith a 
lovver eoneentration of solute vvill undergo haemolysis, and if plaeed in a fluid vvith a high eon- 
eentration of solutes the red blood eell vvill erenate (see Figure 2.10). On the other hand, if the 

isotonie Hypotonie Hypertonie 

solotion solotion solotion 



(a) Normal 
RBC shape 



(b) RBC undergoes (e) RBC undergoes 
haemolysis erenation 


Figure 2.10 (a-e) Effeet of solute eoneentration on a red blood eell. Soaree: Tortora and Derrikson 

(2009). Reproduced vvith permission of John Wiley & Sons. 
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red blood eell is plaeed in a solution vvith a relatively eonstant osmotie pressure betvveen the 
internal and external environment, the red blood eell does not undergo any ehanges. The net 
movement of vvater in and out of the eell is minimal. 

Filtratíon 

Filtration is a proeess vvhere small substances are foreed through a semipermeable membrane 
vvith the aid of hydrostatie pressure. One example of filtration vvithin the human body is at the 
eapillary end of the blood vessels. With the aid of blood pressure, fluid and solutes are foreed 
out of the single-layered eells of the eapillaries into the ISF spaee. Large molecules, such as 
proteins and red blood eells, remain in the eapillaries. Another example of filtration that occurs 
in the human body takes plaee in the kidneys. Blood pressure forees vvater and dissolved 
vvaste products, such as urea and uric aeid, into the kidney tubules during the formation of 
urine (see Ghapter 10). 

Aetíve transport system 

The main differenee betvveen the aetive and passive transport systems is that the aetive trans- 
port system utilises cellular energy to move substances through a semipermeable membrane. 
The energy is obtained by splitting ATP into adenosine diphosphate (ADP) and phosphate 
(see Figure 2.11). Examples of aetive transport proeesses are aetive transport, endoeytosis 
and exocytosis. 

Aetive transport 

An aetive proeess is one in vvhieh substances move against a eoneentration gradient from an 
area of lovver to higher eoneentration. The eell must expend energy that is released by split- 
ting ATP into ADP and phosphate. ATP is a compound of a base, a sugar, and three phosphate 
groups (triphosphate). These phosphate groups are held together by high-energy bonds, 
vvhieh vvhen broken release a high level of energy. Onee one of these phosphate bonds has 
been broken and a phosphate group has been released, that compound novv has only tvvo 
phosphate groups (diphosphate) and there is novv also a spare phosphate group.This, in turn, 
vvill join up vvith another adenosine diphosphate group, so forming another molecule of ATP 
(vvith energy stored in the phosphate bonds), and the vvhole proeess continues recurring 
(Marieb, 2012). 



Fìgure2.11 Aetivetransport system. Soi/ree:Tortora and Derrikson (2009). Reproduced vvith permission 
of John Wiley & Sons. 
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In the human body, the four main aetive transport systems eonsidered vvhen discussing 
cellular energy include: 

• sodium-potassium pump - sodium and potassium eoneentration gradients are generated to 
produce eleetrieal energy; 

calcium pump - calcium ions essential for muscle eontraetion are transported into 
muscle eells; 

sodium-linked eo-transport - glucose and amino aeids are aetively transported into the eells 
and at the same time sodium moves passively via the eo-transporter; 
hydrogen-linked eo-transporter - glucose is aetively transported into the eell and at the same 
time hydrogen ions move into the eell via the eo-transporter. 

Endoeytosis 

Endoeytosis is the proeess by vvhieh eells take in molecules such as proteins from outside the eell 
by engulfing them vvith their eell membranes. It is used by all eells of the body because most 
substances important to them are polar and eonsist of big molecules, and thus eannot pass 
through the hydrophobie plasma membrane. During endoeytosis the eell membrane plays a 
part to form a fold and a nevv intracellular pod is formed eontaining the substance. There are 
three types endoeytosis. 

Pinoeytosis Ccell drinking'; see Figure 2.12): 
o the drop engulfed is relatively small; 
o it occurs in almost all eells; 
o itoccurscontinuously. 

Phagoeytosis Ccell eating'; see Figure 2.12): 

o particulate matter (e.g. baeteria) from the ECF is ingested; 

o the endosome is very large and is ealled a phagosome or vacuole; 
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Fígure 2.12 Pinoeytosis, phagoeytosis and reeeptor-mediated endoeytosis. Source: Peate and 
Nair (2011). Reproduced vvith permission of John Wiley & Sons. 
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o occurs only in eertain speeialised eells (e.g. neutrophils, maerophages); 
o occurs sporadieally. 

• Reeeptor-mediated endoeytosis (see Figure 2.12): 

o speeifie reeeptors bind to large molecules in the ECF; 
o the substance bound to the reeeptor is ealled a ligand. 


Exocytosis 

Exocytosìs is a proeess for moving items from the eytoplasm of the eell to the outside.The intra- 
cellular vesiele vvith its ingested substances fuses vvith the eell membrane to get rid of the 
unvvanted substance from the eell (see Figure 2.13).This proeess is also utilised by nerve eells to 
release ehemieal messengers into the synapse of a neurone. Gland eells release proteins by exo- 
eytosis. Gland eells are an organ or group of speeialised eells in the body that produces and 
seeretes a speeifie substance, such as a hormone. 

Many eells in the body use exocytosis to release enzymes or other proteins that aet in other 
areas of the body, or to release molecules that help eells communicate vvith one another. For 
instanee, clusters of a- and p-eells in the islets of Langerhans in the panereas seerete the hor- 
mones glucagon and insulin respeetively. These enzymes regulate glucose levels throughout 
the body. As the level of glucose rises in the blood, the p-eells are stimulated to produce and 
seerete more insulin by exocytosis. When insulin binds to liver or muscle, it stimulates uptake of 
glucose by those eells. Exocytosis from other eells in the panereas also releases digestive 
enzymes into the gut. 

Cells also communicate vvith eaeh other, through exocytosis, more direetly through the prod- 
ucts that they seerete. For instanee, a neurone eell relays an eleetrieal pulse through the use of 
neurotransmitters. The neurotransmitters are stored in vesieles and lie next to the eytoplasmie 
faee of the plasma membrane. When the appropriate signal is given, the vesieles holding the 
neurotransmitters must make eontaet vvith the plasma membrane and seerete their eontents 
into the synaptie junction, the spaee betvveen tvvo neurones, for the other neurone to reeeive 
those neurotransmitters. 
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Fìgure 2.13 Exocytosis. Source: Nair and Peate (2009). Reproduced vvith permission of John Wiley & Sons. 
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Eleetrolytes 

ehemieally, eleetrolytes are substances that beeome ions in solution and acquire the eapaeity 
to conduct eleetrieity. Eleetrolytes are present in the human body, and the balanee of the 
eleetrolytes in our bodies is essential for normal function of our eells and our organs. 

Fluid balanee is linked to eleetrolyte balanee. Eleetrolytes are ehemieal compounds that dissoei- 
ate in vvater to form eharged partieles ealled ions (LeMone etal., 201 l).They include potassium 
(K+), sodium (Na+), ehloride (Cl“), magnesium (Mg^+) and hydrogen phosphate (HPO^^”). Eleetrolytes 
are either positively or negatively eharged. Positively eharged ions are ealled eations (e.g. Na+ and 
K+) and negatively eharged ions are ealled anions (e.g. Cl“ and HeO^”). Remember that an anion 
and a eation vvill eombinetoform a compound;forexample, potassium (K+) and ehloride (Cl“) vvill 
eombine to form potassium ehloride (KCI).The eomposition of eleetrolytes differs betvveen the 
intracellular and the extracellular eompartments (see Figure 2.14). 
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Fígure 2.14 Eleetrolytes of intracellular and extracellular eompartments. Source: Nair and Peate (2009). 
Reproduced vvith permission of John Wiley & Sons. 


Medieine management 

lntravenous potassium 

These intravenous solutions are indieated for use in adults and paediatrie patients as sources of 
eleetrolyte replaeement ealories and vvater for hydration. Dosage is to be direeted by a physieian 
and is dependent upon age, vveight, elinieal eondition of the patient and laboratory determina- 
tions. Frequent laboratory determinations and elinieal evaluation are essential to monitor ehanges 
in blood glucose and eleetrolyte eoneentrations, and fluid and eleetrolyte balanee during pro- 
longed parenteral therapy. Some additives may be ineompatible. Alvvays consult vvith a pharmaeist 
for the eompatibility of the additives. Mix thoroughly before administering the fluid. 


































ehapter 2 


Cells, cellular eompartments, transport systems, fluid movement betvveen eampart 



Functíons of eleetrolytes 

Eleetrolytes are compounds that dissoeiate into ions vvhen plaeed in liquid, thus enabling the 
liquid to conduct eleetrie current. Eleetrolytes are salts and minerals, such as sodium, potassium, 
ehloride and biearbonate, that are found in the blood. They ean conduct eleetrieal impulses in 
the body. Eleetrolytes have numerous functions in the body.They: 

• regulate fluid movement betvveen eompartments; 

• regulate hydrogen ion eoneentration for normal cellular function; 

• play a vital role in membrane potentials and aetion potentials; 

• are essential for neuronal function. 

To function normally, the body must be able to maintain the levels of eleetrolytes vvithin very 
narrovv limits.These limits are eontrolled by hormones.The body maintains the levels of eleetro- 
lytes in eaeh eompartment (eells, tissues, organs) by moving eleetrolytes into or out of eells 
based upon the signals provided by the hormones. If the balanee of eleetrolytes is disturbed, 
disorders ean develop. An imbalanee of eleetrolytes ean occur if a person: 

• uses eertain drugs, espeeially long-term use of laxatives and/or diuretics; 

• beeomes dehydrated as a result of profuse svveating, vomiting, ehronie diarrhoea, very poor 
nutrition, and so on; 

• has eertain heart, liver or kidney disorders; 

• is given intravenous fluids in inappropriate amounts. 

Loss of eleetrolytes ean have serious consequences for the body. In severe dehydration, the 
loss of eleetrolytes ean result in circulatory problems such as taehyeardia (rapid heartbeat) and 
problems vvith the nervous system, such as loss of consciousness and shoek. See Table 2.2 for a 
summary of eleetrolytes and their functions. 


Table 2.2 Prineipal eleetrolytes and their functions 


Eleetrolytes 

Normal 
values in ECF 
(mmol L“^) 

Function 

Mairi 

distribution 

Sodiym (Na+) 

135-145 

Important eation in generation of aetion potentials. Plays an 
important role in fluid and eleetrolyte balanee. inereases plasma 
membrane permeability. Helps promote skeletal musclefunction. 
Stimulates conduction of nerve impulses. Maintains blood volume. 

Main eation 

of the ECF 

Potassium (K+) 

3.5-5 

Important eation in establishing resting membrane potential. 
Regulates aeid-base balanee. Maintains ICF volume. Helps 
promote skeletal muscle function. Helps promote the 
transmission of nerve impulses. 

Main eation 

of the ICF 

Calcium (Ca^+) 

135-145 

Important elotting faetor. Plays a part in neurotransmitter release 
in neurones. Maintains muscle tone and excitability of nervous 
and muscle tissue. Promotes transmission of nerve impulses. 
Assists in the absorption of vitamin 

Mainly found 
in the ECF 

IVlagnesium (Mg^^) 

0.5-1.0 

Helps to maintain normal nerve and muscle function; maintains 
regular heart rate, regulates blood glucose and blood pressure. 
Essential for protein synthesis. 

Mainly 
distributed 
in the ICF 


(Continued) 
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Table 2.2 (Continued) 


Eleetrolytes 

Normal 
values ín ECF 
(mmol L-^) 

Functíon 

Maíri 

dístríbutíon 

ehloride (Cl“) 

98-117 

Maintains a balanee of anions in different fluid eompartments. 
Gombines with hydrogen in gastrie mucosal glands to form 
hydroehlorie aeid. Helps to maintain fluid balanee by 
regulating osmotie pressure. 

Main anion 

of the ECF 

Biearbonate 

(HeO^-) 

24-31 

Main buffer of hydrogen ions in plasma. Maintains a balanee 
between eations and anions of ICF and ECF. 

Mainly 
distributed 
in the ECF 

Hydrogen 
phosphate (HPO^^") 

0.8-1.1 

Essential for the digestion of proteins, earbohydrates and fats 
and absorption of calcium. Essential for bone formation. 

Mainly found 
in the ICF 

Sulphate (SO^^-) 

0.5 

Involved in detoxification of phenols, aleohols and amines. 

Mainly found 
in the ICF 


Giníeal eonsideratíons 

Water and eleetrolyte balanee 

In elinieal praetiee, fluid and eleetrolyte therapy is undertaken either to provide maintenanee 
requirements or to replaee serlous losses or defìeits. Body losses of vvater and/or eleetrolytes ean 
result from a number of causes, including vomiting, diarrhoea, profuse svveating, fever, ehronie renal 
failure, diuretic therapy, surgery and others.The type of therapy undertaken (i.e. oral or parenteral) 
and the eontent of the fluid administered depend on a patienfs speeifìe requirements. 

For example, a patient taking diuretics may simply require a daily oral potassium supplement 
along vvith adequate intake of vvater. An athlete may require rehydration vvith or vvithout added 
eleetrolytes. Hospitalised patients eommonly reeeive parenteral maintenanee therapy of fluids and 
eleetrolytes to support ordinary metaboliefunction. In severe eases of defìeit a patient may require 
the prompt and substantial intravenous replaeement of fluids and eleetrolytes to restore acute 
volume losses resulting from surgery, trauma, burns or shoek. 



Hyponatraemia 

Meria presented to the emergeney department vvith severe hyponatraemia. Aeeording to her 
daughter, the patient vvasfalling and vvas having difficulty vvith her motorfunction. She vvas unable 
to vvalk and her speeeh vvas difficult to understand. Despite these symptoms, she vvas also noted to 
be eonversing vvith her daughter in the room. 

The patient had been having'flu-like symptomsTortheprevious2 vveeksand had been vomiting 
for the previous 4 days. She eomplained of abdominal pain on one oeeasion during the emergeney 
doetor's assessment.The doetor earried out a blood test for urea and eleetrolytes.The result shovved 
that her sodium level vvas 100 mmol L~\ During the assessment, Meria informed that she has been 
taking large amounts of vvater to flush her system from toxins. 

(Continued) 
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She vvas then eommeneed on hypertonie normal saline solution. A series of blood tests vvas 
earried out at intervals to eheek her urea and eleetrolytes. 

By 10:20 that morning, the patienfs sodium had risen to 107 mmol L~\ 

At 11 AO, repeat labs vvere earried out. Results reported at 12:20 shovved that the sodium level 
had risen to 114 mmol L~\ 

By 15:00, the patienfs sodium level vvas 120 mmol L“^ and it gradually returned to normal values. 

Over the course of her stay in the hospital, Meria continued to make a steady reeovery and vvas 
diseharged follovving dietary assessment and adviee from the dietieian. 

See Ameriean Gollege of Emergeney Physieians (n.d.). 



Acute calcium pyrophosphate arthrítís 

It is normal for calcium erystals to be found in parts of the body such as the bones and teeth, but 
vvhen they occur in and around the joints they ean sometimes cause sudden (acute) attaeks of painful 
inflammation.The main erystals that cause problems are calcium pyrophosphate (CPP) erystals and 
apatite erystals, and the problems they cause are referred to eolleetively as calcium erystal diseases. In 
many eases these erystals occur in othervvise normal eartilage or tendons vvithout causing any symp- 
toms at all. If the erystals are embedded deep in the tissues they do not usually affeet the vvay the 
tissues vvork. Hovvever, erystals ean cause attaeks of painful inflammation if they beeome loose from: 


the eartilage into the joint eavity (Figure 2.15); 
a tendon into the surrounding soft tissues (Figure 2.16). 
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Fìgure 2.15 Crystals in the joint eavity. Source: Adapted from vvvvvv.arthritisresearchuk.org. 
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2. Grystals move into 
subacromial bursa 
causing inflammation 

1. Deposits of 
apatite erystals 


Fìgure 2.16 Grystals in the tissue. Source: Adapted from vvvvvv.arthritisresearchuk.org. 

This movement of erystals is ealled erystal shedding, and the inflammation occurs because the 
erystals are exposed to the body's immune system. When CPP erystals shed into the joint eavity this 
is ealled acute CPP arthritis. The erystals cause inflammation in the lining of the Joint, resulting in 
pain and svvelling in the joint.The eondition vvas previously knovvn as'pseudogout' meaningTalse 
gout' because the inflammation resembles gout (a eondition caused by urate erystals). 

The treatment includes non-steroidal anti-inflammatory drugs, such as ibuprofen, naproxen or 
dielofenae, vvhieh ean help to ease the pain of an acute attaek. For the intense pain of an acute 
attaek, these vvill need to be preseribed at a high dose. Another treatment that is sometimes used 
is eolehieine. This drug is also used to treat acute gout and vvorks by reducing the interaetion 
betvveen the erystals and the immune system. 

Removal offluid from thejoint and steroid injeetion to treatthe inflammation may be earried out.This 
ean very quickly reduce the high pressure in the joint that is causing the extreme pain.This is a quick, 
simple procedure that usually brings fast relief. Usually, onee the fluid has been dravvn out the doetor 
vvill injeet a small volume (1-2 mL) of a long-aeting steroid intothejointthrough thesame needle.This 
helps to reduce inflammation in the lining of the joint and prevent the build-up of more fluid. 

See Arthritis Researeh UK (n.d.). 



Hormones that regulate fluíd and eleetrolytes 

The four prineipal hormones that regulate fluid and eleetrolyte balanee are antidiuretic hormone 
(ADH), aldosterone, atrial natriuretic peptide (ANP) and parathyroid hormone (Thibodeau and 
Patton, 2011). 

Antìdìuretíc hormone 

ADH is a peptide hormone, and its main role is to regulatefluid balanee in the body.This hormone 
is produced in the hypothalamus by neurones ealled osmoreeeptors, and the hormone is stored 
by the posterior pituitary gland. Osmoreeeptors are sensitive to plasma osmolality and a deerease 
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in blood volume. The target organs for ADH are the kidneys. ADH aets on the distal convoluted 
tubule and the eolleeting ducts, making the tubules more permeable to vvater and thus inereasing 
reabsorption of vvater.This occurs through insertion of additional vvater ehannels (aquaporin-2s) 
into the apieal membrane of the tubules and eolleeting duct epithelial eells.The aquaporins allovv 
vvater to pass out of the nephron (at the distal convoluted tubules and the conducting tubules) 
and into the eells, inereasing the amount of vvater reabsorbed from thefiltrate.Therefore, vvhen a 
person is laeking fluid, as in dehydration, more ADH is released, thus inereasing vvater reabsorp- 
tion and resulting in lessfluid loss.Theseeretion of ADH is deereased by a drop in plasma osmotie 
pressure, inereased ECF volume and inereased aleohol intake. ADH is also knovvn as vasopressin 
because it causes eonstrietion of arterioles, thus raising blood pressure. 

Medieines management 

Diabetes ínsípídus - vasopressín (antídíuretíc hormone) 

Diabetes insipidus is a rare disorder vvhere the system used by the body to regulate its vvater levels 
beeomes disrupted. Diabetes insipidus is caused by problems vvith a hormone ealled ADH, also knovvn 
as vasopressin. Desmopressin is a manufactured version of ADH, and is more povverful than the ADH 
naturally produced by the body. It vvorks just like natural ADH, stopping the kidneys producing urine 
vvhen the level of vvater in the body is lovv. Desmopressin ean be taken as a nasal spray or in tablet form. 
Desmopressin is very safe to use. There are fevv side effeets, but they ean include: 

headaehe 
stomaeh pain 
feeling siek 
bloeked or runny nose 
nosebleeds. 

If you take too much desmopressin or drink too much fluid vvhile taking it, it ean cause your body 
to retain too much vvater.This ean result in: 

headaehes 
dizziness 
feeling bloated 

hyponatraemia (a dangerously lovv level of sodium (salt) in the blood). 

See NHS Choices (2014). 


Aldosterone 

Aldosterone is a steroid hormone produced by the adrenal glands, vvhieh are situated on top of 
eaeh kidney.The adrenal gland is divided into the cortex and the medulla.The cortex produces 
the steroid hormone aldosterone. Aldosterone regulates eleetrolyte and fluid balanee by 
inereasing the reabsorption of sodium and vvater and the release of potassium in the kidneys. 
This inereases blood volume and therefore inereases blood pressure. Aldosterone stimulates 
H+ seeretion by interealated eells in the eolleeting duct regulating plasma biearbonate (HeO^”) 
levels, thus maintaining aeid-base and eleetrolyte balanee.The main target areas for aldosterone 
are the kidney tubules and the eolleeting duct epithelial eells. 
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Atrial natriuretic peptide 

ANR atrial natriuretic faetor, atrial natriuretic hormone or atriopeptin is a povverful vasodilator 
and a polypeptide hormone seereted by heart muscle eells (myoeytes).The myoeytes produce, 
store and release ANP in response to atrial streteh. It is involved in the homeostatie eontrol of 
body vvater, sodium, potassium and fat (adipose tissue). It is released by muscle eells in the 
upper ehambers (atria) of the heart (atrial myoeytes), in response to high blood pressure. ANP 
aets to reduce the vvater, sodium and adipose loads on the circulatory system, thereby reducing 
blood pressure. ANP stimulates vasodilatation, inereases glomerular filtration and salt and vvater 
excretion, and bloeks the release and/or aetions of several hormones, including angiotensin II, 
aldosterone and vasopressin. ANP levels are eommonly elevated in situations of excessive 
fluid volume or hypertension, and the hormone plays an important role in regulating fluid 
and eleetrolyte balanee. 

Parathyroìd hormone 

Parathyroid hormone regulates serum calcium levels through its effeets on bone, kidney and 
intestine via the kidney. Although the four parathyroid glands are quite small, they have a very 
rieh blood supply.This suits them vvell sinee they are required to monitorthe calcium level in the 
blood 24 h a day. As the blood filters through the parathyroid glands, they deteet the amount of 
calcium present in the blood and reaet by making more or less parathyroid hormone. When 
the calcium level in the blood is too lovv, the eells of the parathyroid sense it and make more 
parathyroid hormone. Onee the parathyroid hormone is released into the blood, it circulates to 
aet in a number of plaees to inerease the amount of calcium in the blood (like removing calcium 
from bones). When the calcium level in the blood is too high, the eells of the parathyroids make 
less parathyroid hormone (or stop making it altogether), thereby allovving calcium levels to 
deerease.This feedbaek meehanism runs eonstantly, thereby maintaining calcium (and parathyroid 
hormone) in a very narrovv'normaT range. In a normal person vvith normal parathyroid glands, 
their parathyroid glands vvill turn on and off dozens of times per day, in an attempt to keep the 
calcium level in the normal range so the brain and muscles function properly. 


Conclusìon 

Cells are the basie living structures of the body, and they eontain speeial proteins that perform 
speeifie functions to maintain homeostasis vvithin the eell. All eells have four basie parts: eyto- 
plasm, plasma membrane, nucleus and nucleolus. Although the eell membrane is in a eonstant 
state of flux, it allovvs substances into and out of the eell.The nucleus is the plaee vvhere genetie 
information is stored. The eells utilise various transport systems to move nutrients, oxygen, 
eleetrolytes, vvater and hormones into the eell and vvaste products of cellular metabolism, such 
as earbon dioxide, urea and uric aeid, out of the eell. Eleetrolytes and hormones play a vital role 
in maintaining homeostasis. Many hormones, such ADH, aldosterone and atrial natriuretic 
hormone, helpto regulate fluid balaneeand maintain homeostasis. 

Body fluids eonsist of the vvater of the body and substances dissolved in it. Water is the main 
eomponent of the human body, and, in any individual, the body vvater eontent stays remarkably 
eonstant from day to day. There is eonstant movement of fluid betvveen eompartments. There 
are tvvo main body fluid eompartments; inside and outside the eells (intracellular and extracel- 
lular). The extracellular eompartment is divisible into (a) the plasma, vvhieh is ECF vvithin the 
blood vessels; (b) the ISF, vvhieh is ECF outside the blood vessels and separated from plasma by 
the vvalls of the capillaries;and (e) transcellularfluids, vvhieh are fluids vvith speeialised functions. 
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They include synovial fluid (vvhieh lubricates joints), eerebrospinal fluid (vvhieh cushions and 
nurtures the brain), and the aqueous and vitreous humours of the eyes (vvhieh maintain the 
shape of the eyeball and the integrity of structures vvithin it). The transcellular fluids are sepa- 
rated from the plasma by a cellular membrane, vvhieh takes part in their formation, in addition 
totheeapillary vvall. 



Aetíve transport The proeess in vvhieh substances move against a eoneentration gradient by 
utilising cellular energy. 

Adenosìne dìphosphate ADP is the end product that results vvhen ATP loses one of its phosphate 
groups loeated at the end of the molecule. 

Adenosìne trìphosphate Compound that is neeessary for cellular energy. 

ehemìeal reaetìons Reaetions that involve molecules, in vvhieh they are formed, ehanged or 
broken dovvn. 

Gompartments Spaees. 

Gytoplasm Fluid found inside the eell. 

Dìffusíon The most eommon form of passive transport of materials, it is the ability for gases, 
liquids and solutes to disperse randomly and to occupy any spaee available, so that there is an equal 
distribution. 

Eleetrolytes Substances that dissoeiate in vvater to form ions. 

Endoeytosís Proeesses by vvhieh eells ingest foodstuffs and infectious mieroorganisms. 
Extracellular Spaee found outside the eell. 

Exocytosìs The system of transporting material out of eells. 

Faeìlìtated dìffusìon Diffusion vvith the aid of a transport protein. 

Hydrophìlìe Water loving. 

Hydrophobìe Water hating. 

Hypertoníe Solution that has large amounts of solutes dissolved in it. 

Hypotoníe Solution that has a lovv eoneentration of solutes. 

Interstìtìal Spaee betvveen eells. 

Intracellular Spaee inside the eell. 

Organelles Structural and functional parts of a eell. 

Osmosís Movement of vvater through a seleetively permeable membrane so that eoneentrations of 
substances in vvater are the same on either side of the membrane. 

Osmotìe pressure The pressure that must be exerted on a solution. 

Passìve transport The proeess by vvhieh substances move on their ovvn dovvn a eoneentration 
gradient vvithout utilising cellular energy. 

Plasma membrane Outer layer of the eell. 

Transport protein Small molecules that help in the movement of ions aeross a eell membrane. 
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Further readìng 

Hyperkalemía 

Lederer, E., Nayak, V., Alsauskas, Z.C. and Maekelaite, L. (2015) Hyperkalemia Treatment and Management. 
http://emedicine.medscape.eom/article/240903-treatment (aeeessed 12 November 2015). 

This is a Medieal News site where you will be able to find out more about various diseases and medieal 
eonditions. 

Díabetes ínsipídus 

NHS ehoiees (2014) introdaetion. http://www.nhs.uk/conditions/diabetes-insipidus/Pages/lntroduction. 
aspx (aeeessed 12 November 2015). 

Useful NHS website for up-to-date information on diseases you may eome aeross in praetiee. 

Aetívítíes 

Maltiple ehoiee questions 

1. Red blood eells plaeed in pure vvater would: 

(a) erenate and die 

(b) svvell and burst 

(e) remain the same 

(d) svvell initially and then return to normal size onee equilibrium is reaehed 

2 . Cell membrane is: 

(a) a double layer of protein enelosing the plasma 
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(b) single-layereell 

(e) membrane eomposed of earbohydrate 

(d) the phospholipid layer surrounding the eell 

3. Which of thefollovving is true of diffusion? 

(a) the rate of diffusion is dependent on temperature 

(b) the diffusion is greater vvhen the eoneentration gradient is greater 

(e) the molecular vveight of the molecule does not affeet diffusion 

(d) diffusion is greater vvhen the body temperature is lovv 

4. In a eell, calcium ions are stored in: 

(a) the nucleus 

(b) the Golgi apparatus 

(e) the mitoehondria 

(d) in both smooth and rough endoplasmie reticulum 

5. Which of thefollovving isnof a subcellular structure? 

(a) intercellular material 

(b) eytoplasm 

(e) membranes 

(d) organelles 

6. Which of the follovving transport systems requires energy? 

(a) slmple dlffuslon 

(b) osmosis 

(e) sodium and potassium pump 

(d) faeilitated diffusion 

7. Phospholipids: 

(a) eontaln only polar talls 

(b) are hydrophilie and hydrophobie 

(e) eontain only non-polar tails 

(d) have their tails direeted to the outside 

8. Mitoehondria: 

(a) eontain some of the genes to replieate themselves 

(b) synthesise proteins for use outside the eell 

(e) have the same shape all the time 

(d) are single-membrane structures involved in the breakdovvn of earbohydrate 

9. Fluid moves through a proeess ealled: 

(a) osmosis 

(b) diffusion 

(e) mitosis 

(d) exocytosis 

10. Cells in a hypertonie solution vvill: 

(a) erenate and dle 

(b) svvell and burst 

(e) vvill remain the same 
(d) both a and b 

True or false 

1 . Diffusion occurs from areas of lesser eoneentration to greater eoneentration. 

2. Faeilitated diffusion does not require energy. 

3. Interstitial eompartment is part of the extracellular eompartment. 

4. Mitoehondria eontain their ovvn genetie material. 
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5. The eell membrane eontains large amounts of eholesterol. 

6 . Potassium is the prineipal extracellular ion. 

7. ehlorides are negatively eharged. 

8. Hyponatraemia indieates high sodium levels. 

9. 0.9% normal saline is a hypertonie solution. 

10. ADH is produced in the pituitary gland. 

Label the díagram 1 

Label the diagram using the follovving list of vvords: 

Flagellum, Mierofilament Plasma membrane, Lysosome, Smooth endoplasmie reticulum, 
Mitoehondrion, Seetional vievv, Nucleus, Gytoplasm, Rough endoplasmie reticulum, Ribosome, 
Golgi complex, Mierofilament 



Label the diagram 2 

Label the diagram using the follovving list of vvords: 

Phagoeytosis, Solid partiele, Pseudopodium, Phagosome (food vacuole), Pinoeytosis, Vesiele, 
Reeeptor-mediated endoeytosis, Goated pit Reeeptor, Coat protein, Goated vesiele, Plasma 
membrane, Extracellular fluid, Gytoplasm 


o 

♦ 
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eirele the word or term 

Relating to cellular organelles, eirele the vvord or term that does not belong in the follovving 
groups: 


1 . 

Gentrioles 

Lysosomes 

Peroxisomes 

Enzymatie breakdovvn 

2 . 

Gentrioles 

eilia 

Mitoehondria 

Flagella 

3 . 

Nucleus 

Nucleolus 

Lysosomes 

DNA 

4 . 

Ribosomes 

Rough ER 

Protein synthesis 

Smooth ER 

5 . 

Microtubules 

eilia 

Intermediate fìlaments 

Gytoskeleton 


Word seareh 

Find the vvords listed in the follovving grid. 


M 

R 

S 

1 

S 

0 

T 

Y 

e 

0 

D 

N 

E 

P 

K 

R 

A 

L 

U 

L 

L 

E 

e 

A 

R 

T 

N 

1 

0 

Y 

S 

1 

S 

0 

M 

S 

0 

P 

S 

F 

Q 

Y 

U 

T 

J 

H 

E 

E 

X 

T 

R 

A 

e 

E 

L 

L 

U 

L 

A 

R 

R 

Y 

T 

e 

J 

T 

VV 

A 

D 

G 

H 

T 

0 

S 

D 

E 

N 

D 

A 

1 

T 

M 

U 

1 

D 

0 

s 

N 

S 

A 

X 

e 

0 

R 

R 

N 

S 

E 

M 

0 

S 

0 

B 

1 

R 

0 

H 

0 

1 

0 

D 

0 

M 

J 

G 

s 

Q 

U 

U 

X 

e 

L 

L 

e 

S 

P 

Y 

T 

E 

VV 

E 

J 

P 

M 

B 

Y 

0 

e 

N 

Q 

U 

H 

H 

0 

M 

A 

A 

Y 

M 

R 

T 

R 

D 

S 

T 

A 

F 

0 

0 

P 

B 

T 

e 

R 

E 

0 

1 

J 

0 

Y 

S 

T 

F 

B 

B 

Y 

R 

E 

B 

M 

S 

D 

F 

Z 

Y 

S 

J 

B 

1 

1 

R 

H 

A 

R 

M 

1 

E 

A 

s 

U 

Z 

e 

E 

A 

D 

e 

A 

S 

N 

Z 

s 

E 

L 

E 

e 

T 

R 

0 

L 

Y 

T 

E 

e 

V 

E 


Water, Osmosis, Diffusion, Membrane, Ribosomes, Extracellular, Fats, Garbohydrate, Hydrophobie, 
lntracellular, Eleetrolyte, Hypotonie, Exocytosis, Endoeytosis, Sodium, Potassium, Ghloride 


Find out more 

1. What are organelles and their functions? 

2 . What are the faetors affeeting diffusion. 

3 . Discuss the effeets of lovv potassium level on the cardiovascular system. 

4. What doyou understand by the term'third fluid spaee'? Do they play any role in fluid balanee? 


































ehapter 2 


ular eompartments, transport systems, fluid movement betvveen eompartments 


5. Explain the term 'aseites' What are the causes of'aseites'? 

6. Explain the nurse's role vvhen adding potassium to an intravenous infusion bag. 

7. Explain vvhat happens to fluid in the fluid eompartments vvhen a person is 

(a) dehydrated 

(b) overhydrated. 

8. What do you understand by the term seeondary aetive transport? 

9. What is the role of mitoehondria in a eell? 

10. In an aetive transport system, vvhere do the eells get their energy from? 

ehemìeal symbols 

For the follovving eleetrolytes vvrite the eorreet ehemieal symbols: 

Potassium_ 

Sodium_ 

Biearbonate_ 

ehloride_ 

Organie phosphate_ 

Sulphate_ 

Calcium_ 

Fíll ín the blanks 1 

Fill in the blanks using the eorreet vvords from the list belovv: 

Plasma is the only_eompartment that exists as a real fluid eolleetion all in one 

loeation. It differs from_in its much_eontent and its high_ 

(transport function). Blood eontains suspended_eells so_has been 

ealled the_of the blood.The fluid eompartment ealled the_is interesting 

in that it is a eomposite eompartment eontaining_(plasma) and_(red 

eell fluid). 

blood volume, bulk flovv, extracellular fluid, higher protein, interstitial fluid (ISF), intracellular 
fluid, ISF, major fluid, plasma, red and vvhite 

Fìll In the blanks 2 

Fill in the blanks using the eorreet vvords from the list belovv: 

_ are vital to one's _ and _. They are _ and 

_eharged partieles (ions) that are formed vvhen mineral or other salts dissolve 

and separate (dissoeiate) in vvater. Sinee eleetrolytes earry a_, they ean conduct 

_ in vvater, vvhieh itself in its pure form is a _ of eleetrieity. This 

eharaeteristie of eleetrolytes is important because the current enables eleetrolytes to 

_hovv and vvhere fluids are distributed throughout the_, vvhieh includes 

keeping vvater from floating freely aeross_. 

body, eell membranes, eharge, eleetrieal current eleetrolytes, health, negatively, poor conductor, 
positively, regulate, survival 
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eondítions 

The follovving is a list of eonditions that are assoeiated vvith the subjects discussed in this ehapter. 
Take some time and vvrite notes about eaeh of the eonditions. You may make the notes taken 
from text books or other resources (e.g. people you vvork vvith in a elinieal area) or you may make 
the notes as a result of people you have eared for. If you are making notes about people you have 
eared for you must ensure that you adhere to the rules of eonfidentiality. 


Water intoxication 


Pulmonary oedema 


Nausea and vomiting 


Aeidosis 



Alkalosis 







Geneties 

Peter S Viekers 


Test your prior knovvledge 

What are the four bases that are found in DNA and vvhat is their role in the double helix? 

If vve have a DNA base sequence of ACATGGCTA, vvhat vvould the eorresponding RNA bases be? 
What is happening during the interphase stage of mitosis? 

What do vve mean by Mendelian inheritanee? 

What is the differenee betvveen autosomal reeessive inheritanee and autosomal dominant 
inheritanee? 


Learning outcomes 

After reading this ehapter you vvill be able to: 

Llnderstand vvhat a gene is and its importanee to our health 
Deseribe the double helix, including the bases 

Knovv the differenee betvveen DNA and RNA, and their roles in geneties 
Deseribe the anatomy and functions of a ehromosome 
Llnderstand and deseribe protein synthesis 
Explain eell division 

Llnderstand Mendelian geneties and hovv it relates to gene transfer from parents to ehildren 
Explain the three modes of inheritanee: dominant, reeessive and X-linked 


Fundamentals ofAnatomy and Physiology: For Nursing and Heaitheare Students, Seeond Edition. Edited by lan Peate and Moralitharan Nair. 
© 2017 John VViley & Sons, Ltd. Poblished 2017 by John VViley & Sons, Ltd. 

Stodent eompanion vvebsite: vvvvvv.vvileyfundamentalseries.com/anatomy 
lnstructor eompanion vvebsite: vvvvvv.vviley.com/go/instructor/anatomy 
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Anatomíeal map 



ehromatin Nuclear envelope 



Rough endoplasmie 
reticulum 


Nuclear pore 


Nuclear 

envelope 


Nuclear pore 


(a) Details of the nucleus 


(b) Details of the nuclear envelope 


Ghromatin 


Nuclear envelope 
Nucleolus- 


Nuclear pore 





about 10,000x 


TEM 


(e) Transverse seetion of the nucleus 


Fìgure3.1 (a-e)The eell nucleus. Soi/ree:Tortora and Derriekson (2014). Reproduced with permission 
of John Wiley & Sons. 

lntroductíon 

Geneties is a very important and endlessly faseinating subject because we are the sum total of 
our genes, and many health problems are linked to genes.This ehapter will explore the nature 
of our genes and their importanee to us. 

To begin at the beginning, genes are seetions of deoxyribonucleic aeid (DNA) that are earried 
within our ehromosomes, and our genes eontain particular sets of instructions related to our 

growth 
development 
reproduction 
• functioning 
ageing 

among many others. 
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Basieally, we eannot function without our genes, and our genes make us what we are - human 
for a start. We inherit all our genes from our parents, who in turn inherited theirs from their 
parents. Our grandparents inherited theirs from their parents, and so on. 

A few teehnieal terms have already been mentioned, so we ean begin by defining them. This 
will help in the understanding of this ehapter. 


DNA 

deoxyribonucleic aeid - part of the double helix/chromosome 

RNA 

ribonucleic aeid, transeribed from DNA 

mRNA/tRNA 

messenger RNA/transfer RNA - both of these worktogether with rìbosomes 
to produce proteins from amìno aeìds that have been eoded for by the 
DNA/gene. 


So, DNA, the essential ingredient of heredity, makes all the basie units of hereditary material - the 
genes. The eapaeity of DNA to replieate itself constitutes the basis of all hereditary transmission 
and it provides our genetie eode by aeting as a template for the synthesis of mRNA. 

RNA and mRNA determine the amìno aeìd eomposition of proteins, which in turn deter- 
mines the functions of those proteins and henee the function of any particular eell. 

Eaeh ehromosome, a eomplieated strand of DNA and protein, is made up of two ehromatìds 
joined by a eentromere. Eaeh nucleated eell in our body eontains, within its genes, all the genetie 
material to make an entire human being. Normally, a human has 46 ehromosomes (23 pairs) in 
eaeh nucleated eell - 22 pairs of autosomes, and either two X ehromosomes (female) or one X 
ehromosome and one Y ehromosome (male).The exception to this is the eells involved in repro- 
duction (the gametes - ovum from the mother and spermatozoa from the father), which just 
have one eopy of eaeh ehromosome (i.e. 23 ehromosomes). However, some people have more 
than 46 ehromosomes (e.g. people with Down syndrome have 47 ehromosomes, with three 
eopies of ehromosome 21 - a eondition known as trisomy 21), while others have fewer. For 
example, people with Turner syndrome, also known as 45,X, have 45 ehromosomes, because 
they often have only one X ehromosome - which mainly eomes from the mother (Grespi, 2008). 

The double helìx 

The double helix was famously diseovered in the 1950s by two Gambridge seientists, James 
Watson and Franeis Griek, who were awarded a Nobel Prize for their work (although due regard 
must be paid to Rosalind Franklin who led the way with X-ray erystallography of genes, and who 
unfortunately died before she could be eonsidered for the Nobel Prize). So what exactly is the 
double helix and why is it important? Well, first of all, look at the drawing of part of the double 
helix in Figure 3.2. 

The double helix is made up of two strands of DNA, and it is a spiral molecule, resembling a 
ladder, with rungs built up of pairs of bases. To be more preeise, our genetie information is 
eneoded in a linear sequence of ehemieal subunits, ealled nucleotìdes. 

Nucleotides 

Nucleotides eonsist of three molecules: 

deoxyrìbose - a five-earbon eyelie sugar; 

• phosphate - an inorganie, negatively eharged molecule; 

• base - a nitrogen-earbon ring structure. 
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Key: 

= Adenine 
<0P = Guanine 
<5) = Thymine 
<^ = Gytosine 


Fígure 3.2 A pietorial representation of a portion of the double helix. Soi/ree: Tortora and Derriekson (2009). 

Reproduced with permission of John Wiley & Sons. 

The bioehemistry of DNA ean beeome quite complex, but it will be easier to understand if 
you remember that the double helix is like a ladder and eonsists of two parallel deoxyrìbose- 
phosphate supports (known as strands - so they are really deoxyribose-phosphate strands) 
along with a serles of bases that make up the rungs of the ladder. 

But what are the bases? The bases are simply those elements of the double helix that earry the 
genetie eode and determine such things as what we look like and how we function. 

These bases are arranged in different sequences along the deoxyribose-phosphate supports 
of the ladder-like double helix, and it is these different sequences that determine the actual type 
of gene produced. 

Bases 

DNA eontains four bases: 

adenìne (A) 
thymìne (T) 
guanìne (G) 
eytosìne (C). 

It is the order in which the bases appear along the length of the DNA molecule that provides the 
variation, which in turn leads to the production of different genes. 

However, just as important in this respeet is the order of the pairs of bases. Lookagain at the 
drawing of the double helix in Figure 3.2; eaeh deoxyribose-phosphate strand earries different 
bases. However, because there are two parallel supports, the bases join together and make the 
molecule stable. Imagine elimbing a ladder where the rungs were all cut and separated in the 
middle - it would not be very stable, would it? Well, it is the same with the DNA molecule. 

However, these bases do not pair haphazardly. Eaeh base is very particular as to which other 
base it will pair with, and there is a golden rule for you to remember. 

Golden rule 

Adenìne always pairs with thymìne. 

Guanìne always pairs with eytosìne. 

So, if one half of the DNA has a base sequence AGGCAGTGC then the opposite side of the DNA will 
have a eomplementary base sequenceTCCGTCACG. 
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It is important to rememberthisfaet just as it is also very important that you understand two 
more faets: 

• The bases are joined by means of hydrogen/polar bonding (see Ghapter 1). 

• The individual bases are eonneeted to the deoxyribose of the strand (or support of the ladder) 
by means of eovalent bonds (see Ghapter 1). 

The reason why this is important is that as discussed in Ghapter t hydrogen bonds are not as 
strong as eovalent bonds and so ean separate more easily.The importanee of this bioehemieal faet 
will beeome apparent when we discuss DNA replieation and protein synthesis (Jorde etal., 2009). 

ehromosomes 

First of all, look again at the previous brief discussion of ehromosomes to be found near the 
beginning of this ehapter. In actual faet the ehromosome does not eonsist of just DNA. Instead, 
the nuclear DNA (also known as nucleìcacìd) of eukaryotes is eombined with protein molecules 
known as hìstones. Note that a eukaryote is any organism whose eells eontain a nucleus and 
other organelles enelosed within membranes (see Ghapter 2 for more about the eell). 

The DNA and histones together make up the nucleosomes eontained within the eell nucleus. 
This nucleic aeid-histone complex is known as ehromatìn. 

Now we run into a problem: if we unravelled all the nucleic aeid from every eell in a human 
adult body it would streteh to the Moon and baek about 8000 times. So how do we manage to 
paekage that number of DNA and histone molecules into our rather small bodies? The answer, 
of course, is that we have tofold them so that they fit into eaeh eell ofthe body-just like having 
to fold elothes to ensure that they fit into a suitcase when going on holiday. And just as elothes 
often will only fit in the suitcase if they are neatly folded, the same applies to the ehromatin in 
our eells. It cannotjust be pushed in haphazardly- it would neverfit and there would be a great 
possibility of things going wrong. 

So, in order to fit within our eells, the ehromosomes twist on one another, then twist into 
loops, before finally assuming the shape that is eommonly reeognised as a ehromosome - the X 
shape which is easily seen in a human eell (Figure 3.3) (Jorde etal., 2009). 

Let us look in more detail at ehromosomes. Eaeh ehromosome is made up of two ehromatìds 
joined by a eentromere. Looking at Figure 3.3, you ean see that one half of the ehromosome is 
a ehromatìd, and where they join near the top of the X, that is the eentromere. 

In most humans, eaeh nucleated eell (i.e. eaeh eell with a nucleus) within the body has 
46 ehromosomes, arranged in 23 pairs (Figure 3.4). Of those 23 pairs, one pair determines 
the gender of the person. 

• Females have a matehed homologous (meansThe same') pair of X ehromosomes. 

• Males have an unmatched heterologous (means 'different') pair - one X and one Y 
ehromosome. 

• The remaining 22 pairs of ehromosomes are known as autosomes. In biology the word 
'some' means body, so autosome means 'self body'. Thus, 'autosome' ean be defined as the 
ehromosomes that determine physieal/body eharaeteristies - in other words, all the 
eharaeteristies of a person that are not eonneeted with gender. 

The position a gene occupies on a ehromosome is ealled a locus, and there are different loeì 
for colour, height, hair, and so on (Joei'is the plural of Jocus').Thinkof the locus as the address of 
that particular gene on Ghromosome Street - just like your address signifies that that is where 
you live. 
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Figure3.3 DNAfronndoublehelixtochronnosonne.Soi/rce:Tortoraand Derriekson (2009). Reproduced 
with permission of John Wiley & Sons. 

Genes that occupy eorresponding loei are ealled alleles. So, the gene for the same eharaeteristie 
on eaeh of the two ehromatids is an allele. Alleles are found at the same plaee in eaeh of the two 
eorresponding ehromatids, and an allele determines an alternative form of the same eharaeteristie. 
Remembering that one of your ehromatids eomes from your mother and the other eorresponding 
ehromatid eomes from your father may be of help in understanding this. As an example, think of 
the colour of eyes. There is one particular gene that determines eye colour and it is found at the 
same plaee on eaeh of the two ehromatids of one ehromosome. One gene will eome from the 
father and the other from the mother. If parents of a ehild have different coloured eyes from eaeh 
other, perhaps the mother has green eyes and the father brown eyes, then the ehild may have 
green or brown eyes, depending upon faetors that will be discussed later in this ehapter. 

So eaeh of these particular genes at that same point (or locus) on eaeh ehromatid determines 
eye colour.This applies to every one of a person's eharaeteristies. A person with a pair of identieal 
alleles for a particular gene locus is said to be homozygous for that gene, while someone with 
a dissimilar pair is said to be heterozygous for that gene. 
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Fígure 3.4 Male hunnan ehromosonnes. Soi/ree: Lister Hill National Genterfor Biomedieal Communications 
(2015). Reproduced with permission from US National Library of Medieine. 


Just a couple of new things about genes - namely, some genes are reeessìve and some genes 

are domìnant. 

• A domìnant gene (or genotype, i.e. type of gene) is one that exerts its effeet and is physieally 
manifested (the phenotype) when it is present on only one of the ehromosomes. 

• A reeessíve gene (genotype) has to be present on both ehromosomes in order to manifest 
itself physieally (phenotype). 

This will be explained more fully later in this ehapter, but it is very important because of the 

signifieanee that it has in hereditary disorders. 

From DNA to proteìns 

As explained earlier in this ehapter, nucleic aeids are eomponents of DNA and they have two 

major functions: 

• the direetion of all protein synthesis (i.e. the production of protein); 

• the accurate transmission of this information from one generation to the next (from parents 
to their ehildren), and from one eell to its daughter eells. 


Protein synthesís 

Synthesis simply means 'production'; henee, the production of protein from raw materials. All 
the genetie instructions for making proteins are found in DNA, but in order to synthesise these 
proteins the genetie information eneoded in the DNA has first to be translated. 

The first thing that happens in this proeess is that the DNA has to separate to allow for all of 
the genetie information in a region of DNA to be eopied onto RNA (Figure 3.5). 
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Fìgure3.5 The separation of DNA.Soi/reeiTortora and Derriekson (2009). Reproduced with permission 
of John Wiley & Sons. 


Then, through a complex series of reaetions, the information eontained in RNA is translated 
into a eorresponding speeifie sequence of amino aeids in a newly produced protein molecule. 

So we will lookatthis proeess in moredetail.To make it easierto understand, we will breakthe 
proeess into two seetions: transerìptìon and translatìon. 

Transeription 

In transeription, the DNA has to be transeribed into RNA because our bodies eannot work with DNA 
as it stands. By using a speeifie portion of the eelTs DNA as a template, the genetie information stored 
in the sequence of bases of DNA is rewritten so that the same information appears in the bases of 
RNA. To do this, the two strands of the DNA have to separate, and the bases that are attaehed to eaeh 
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strand then pair up with bases that are attaehed to strands of RNA. As with the two strands of DNA, 
the bases of DNA ean only join up with a speeifie base of RNA (think baekto the Golden mle). 

• As with DNA, guanine ean only join up with eytosine in RNA. 

• But while the thymine in DNA ean only join to adenine in the RNA, there is no thymine in RNA. 

• So, adenine joins to a new base ealled uracil (U) in mRNA. 


DNA mRNA 


guanine (G)-eytosine (C) 
eytosine (C)-guanine (G) 
thymine (T)-adenine (A) 
adenine (A)-uracil (U) 


For example, if DNA has a base sequence AGGCAGTGC, then mRNA will have a eomplementary 
base sequence UCCGUCACG. 

Figure 3.5 demonstrates the way in which the DNA separates and makes more DNA.This same 
proeess occurs during transeription, except the new strand with its bases is RNA rather than DNA. 

Question: In the DNA sequence TGACTACAG, what should the RNA bases be? 

Answer: ACUGAUGUC 

So, in the proeess of transeription, DNA aets as a template for mRNA. However, in addition to 
serving as the template for the synthesis of mRNA, DNA also synthesises two other kinds of 
RNA-rRNAandtRNA: 

• rRNA (ribosomal RNA) - rRNA, together with the ribosomal proteins, makes up the rìbosomes. 

• tRNA (transfer RNA) - this is responsible for matehing the eode of the mRNA with amíno aeìds. 

Onee prepared and ready, mRNA, rRNA and tRNA leave the nucleus of the eell and in the eyto- 
plasm of the eell eommenee the next step in protein synthesis, namely translatìon. 

Translation 

Translation allows us to make sense of what we have before us. In geneties, translation is the proeess 
by which information in the bases of mRNA is used to speeify the amino aeid of a protein (proteins 
are eomposed of amino acids).This involves all three types of RNA, as well as ribosomal proteins. 
The key steps are shown in the next seetion. 

Key steps in protein synthesis 

The key steps of protein synthesis (the production of proteinsfrom DNA) are shown in Figures 3.6 
and 3.7. 

• In the eytoplasm, a small ribosomal subunit (see Ghapter 2) binds to one end of the mRNA 
molecule. 

• There are a total of 20 different amino aeids in the eytoplasm that may take part in protein 
synthesis. 

• The amino aeid eomes from the food that we eat and is then taken up by the eells. 

• For eaeh amino aeid there is a different small tRNA strand of just three bases (known as a trìplet). 
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Fìgure 3.6 (a, b) The mRNA beeomes assoeiated with a small ribosomal subunit. Source: Tortora and 

Derriekson (2009). Reproduced with permission of John Wiley & Sons. 


Now follow the rest of this deseription of translation along with Figure 3.5: 

A tRNA triplet pieks up the seleeted amino aeid. 

• This triplet is known as an antìeodon. 

One end of the tRNA antìeodon couples with a speeifie amino aeid - it has reeeptors on it that 
only allow it to couple with that particular type of amino aeid. 

• The other end of the tRNA antìeodon has a speeifie sequence of bases. 

• That tRNA antìeodon then seeks out the eorresponding three bases on the mRNA strand that 
is bound to the small ribosomal subunit. 

• These three bases are known as a eodon. 

By means of base pairing, the antìeodon of the speeifie tRNA molecule reeognises the 
eorresponding eodon of the mRNA strand and attaehes to it. For example, if the antìeodon is 
UAC then the mRNA eodon is AUG. 

In the proeess of attaehing itself to the mRNA eodon, the tRNA antieodon brings the speeifie 
amino aeid with it. 

Remember that this base pairing of eodon and antìeodon only occurs when the mRNA is 
attaehed to a ribosome. 

Onee the first tRNA antìeodon attaehes to the mRNA strand, the ribosome moves along the 
mRNA strand and the seeond tRNA antìeodon, along with its speeifie amino aeid, moves into 
position. 

• The two amino aeids that are attaehed to the two tRNA antìeodons (which in turn are paired 
to the mRNA eodons) are joined by a peptide bond. 

• The larger ribosomal subunit eontains the enzymes that organise the joining of the amino 
aeids together. 

Onee this has happened, the first tRNA antìeodon detaehes itself from the mRNA strand 
and then goes baek into the body of the eell to piek up another molecule of its speeifie 
amino aeid. 

l\/leanwhile, the ribosome continues to move along the strand of mRNA. 
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Fìgure 3.7 Sunnnnary of the movement of the ribosome along mRNA. Soi/ree: Tortora and Derriekson 
(2009). Reproduced with permission of John Wiley & Sons. 
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The smaller ribosomal subunit then moves along the mRNA strand and the proeess continues 
in the same way. 

As more amino aeids are detaehed by their tRNAs and are brought into line, one by one, 
peptide bonds are formed between them and so the protein beeomes progressively 
larger. 

This proeess is continued until the protein speeified by the mRNA strand (which was initially 
speeified by the genes on the DNA strand) is eomplete - in other words, the eorreet number 
of amino aeids have been joined together in the eorreet order. 

Onee the speeified protein is eompleted, further synthesis of amino aeids/protein is stopped 
by a speeial eodon known as a termìnatìon eodon, a eombination of three bases that signals 
the end of the protein synthesis proeess forthat particular protein. 

When the termìnatìon eodon occurs, the assembled new protein is released from the 
ribosome, and the ribosome separates again into its two diserete eomponent subunits. 

Although this proeess of protein synthesis has probably taken a long time to work through, 
the proeess is actually very quick. In faet, protein synthesis progresses at the rate of about 15 
amino aeids per seeond. 


Sunnnnary of proteín synthesìs 

As eaeh ribosome moves along the mRNA strand it Yeads'the information eoded in the mRNA 
and synthesises a protein aeeording to that information. 

• The ribosome synthesises the protein by translating the eodon sequence into an amino aeid 
sequence. 

As the ribosome moves along the mRNA, and before it eompletes translation of the first gene 
into protein, another ribosome may attaeh to the beginning of the mRNA strand and begin 
translation of the same strand to form a seeond eopy of the protein. So, several ribosomes 
moving simultaneously in tandem along the same mRNA molecule permit the translation of 
a single mRNA strand into several identieal proteins almost simultaneously. 

Thus, we ean now define a gene as a group of nucleotides on a DNA molecule that serves as 
the master mould for manufacturing a speeifie protein. 

Genes average about 1000 pairs of nucleotides, which appear in a speeifie sequence on the 
DNA molecule. 

No two genes have exactly the same sequence of nucleotides, and this is the key to heredity. 
Remember now that (Jorde etal., 2009): 

• The base sequence of the gene determines the sequence of bases in the mRNA. 

The sequence of the bases in the mRNA determines the order and types of amino aeids that 
will form the protein (Figure 3.8). 

Eaeh gene is responsible for making a particular protein, and the proeess is in the order shown 
in Figure 3.8. 


Transeription 

DNA -RNA 


Translation 

- >■ Protein 


Fìgure3.8 Brief summary of protein synthesis. 
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New therapies for genetie disorders 

Three-parent babies! 

This is a very new procedure that is aimed at preventing the passing of severe mitoehondrial disor- 
ders to new generations. As you will know from Ghapter 2, mitoehondria are organelles found in 
eells that aet as the energy-producing sites of the eell (but not in the nucleus). However, if they 
mutate they ean pass on very serious, often fatal, diseases to the offspring of the mother with the 
problem mitoehondria. These include muscle wastage, nerve damage, loss of sight and heart 
failure. 

The problem is that in the egg only the mother's mitoehondria are present, as sperm does not 
have them. Consequently, if there are faulty genes in the mitoehondria, which is then passed into 
the developing foetus, then there is no possibility of their effeets being ameliorated by the father's 
mitoehondria. 

Approximately 1 in 4000 women are elinieally affeeted or are at risk for the development of a 
mitoehondrial mutation, and the inereased energy requirements of pregnaney may well be the 
faetor that causes mitoehondrial disease to be present for the first time. 

In January 2015, the UK beeame the fìrst country to allow what have beeome known asThree- 
parent babies'. Basieally, the mother's egg is fertilised in vitro by the father, but then the nucleus 
eontaining the DNA (a eombination of maternal and paternal DNA) is removed from the egg and 
plaeed in an egg belonging to a donor.This egg has already had the nucleus eontaining the DNA 
removed, and so the new fertilised nucleus is transplanted into the egg in its plaee, and inserted 
into the mother who, with the father, has supplied the DNA. Thus, in effeet, the resulting ehild 
will have three biologieal parents - their mother and father who supplied the DNA, and the 
woman who supplied the mitoehondria and other organelles. The ehild will, genetieally, still 
belong to the mother and father and will be an amalgam of them genetieally and physieally, 
because only the DNA in the nucleus is eoneerned with the phenotype of a person, not the 
mitoehondria. Thus, the ehild, and, if a girl, her deseendants, will not earry the mitoehondrial 
mutation to future generations, while the ehild will still look like their biologieal parents - henee 
the three parents. 

However, there are still eoneerns about this procedure. The fìrst eoneern is about the ethies of 
this, particularly surrounding the faet that this procedure would be the fìrst to introduce genetie 
ehanges that will be passed on not only to the intended ehild, but to any ehildren that individual 
goes on to have in thefuture.The seeond eoneern is a physiologieal/health eoneern. Depending on 
where the eell is within the body, there may be from one to hundreds of mitoehondria present 
within that eell. For example, a eell forming part of the brain will need large amounts of energy to 
function properly and will need many more mitoehondria than will, for example, a fat eell. 
Interestingly, red blood eells are the only eells not to eontain any mitoehondria at all. 

Turning now to the role of the mitoehondria in our eells, as mentioned above, and in Ghapter 2, 
we know that the mitoehondria supply the energy for the eell to be able to function. However, we 
now know that the mitoehondria do more than that, and are, in faet, an essential part of the whole eell. 
In the proeess of producing energy, mitoehondria ereate many by-products, including reaetive 
oxygen and nitrogen speeies, which then pass into the nucleus and eommenee a signalling role, 
which may possibly affeet DNA. At the moment we are still trying to fìnd out more eoneerning the 
overall importanee of mitoehondria to the entire eell, and henee to the body as a whole. So it is 
possible that the mitoehondria do play a role in the development of the embryo. Unfortunately, 
this technique has only been tested on rhesus monkeys, so there is no guarantee that there will be 
the same results in humans. 
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The transferenee of genes 

This seetion discusses how genetie information is transferred from eells to new eells, and also 
from parents to ehildren.The first thing to do is to lookat how eells pass on genetie information 
to new eells. 

In order for the body to grow, and also for the replaeement of body eells that have died, our eells 
must be able to reproduce themselves, but in order for genetie information not to be lost 
they must be able to reproduce themselves accurately.They do this by eloning themselves. 

In some prokaryotie organisms this occurs by binary fission, whereby the nucleus in a single 
eell beeomes elongated and then divides to form two nuclei in the same eell, eaeh of which 
earries identieal genetie information.The eytoplasm then divides in the middle between the 
two nuclei, and so two identieal daughter eells result eaeh with its own nucleus and other 
essential organelles. 

However, humans, being much more eomplieated, have eukaryotic eells, which divide by 
means of eell division, whereby the division of the nucleus occurs first of all, after which the divi- 
sion of eytoplasm (known as eytokinesis) takes plaee. After this division, the new eells will grow 
until they reaeh a stage when the proeess ean be repeated. 

VVithin this proeess of eell division, the proeess of transferenee of genes (or reproduction of 
eells earrying genetie information) is divided into two stages: mìtosìs and meìosìs. 


Mìtosís 

This seetion eommenees by looking at the way that eells reproduce, particularly how they repro- 
duce their genetie material. 

In humans, eell reproduction takes plaee using a complex proeess ealled mìtosìs, in which 
the number of ehromosomes in the daughter eells has to be the same as in the original 
parent eell. 

In the figures below, only a few of the ehromosomes are depieted in order to improve the 
elarity of thefigures. 

Mìtosìs ean be divided into four stages: 

prophase 

metaphase 

anaphase 

telophase. 

Before and after it has divided, the eell enters a stage known as ìnterphase until the time eomes 
for the next eell reproduction. 


Interphase 

Mìtosìs begins with ìnterphase.This was often thought to be a resting period for the eell, but 
we now know that the eell is actually very busy during this period getting ready for replieation. 
If we look at the eell eyele and suppose that one full eyele represents 24 hours, then the actual 
proeess of replieation (mìtosìs) would only last for about one of those 24 hours (Figure 3.9). 
During the rest of the time the eell is undertaking DNA synthesis (i.e. producing DNA). During 
this period of interphase the eell has to produce two of everything, not just DNA, but all the 
other organelles in the eell (see Ghapter 2), such as the mitoehondria. In addition, the eell has to 
go through the proeess of obtaining and digesting nutrition so that it has the raw materials for 
this duplication and also for the energy that will power the various functions of the eell. 
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Fìgure3.9 Theeell cycle.5oi/rce:Tortora and Derriekson (2009). Reproduced with permission of John 
Wiley &Sons. 


During interphase, the ehromosomes in the nucleus are very difficult to see because they are 
in the form of long threads. They need to be in this state to make it easier for them to be dupli- 
eated. During the proeess of duplication, the eells have to ensure that there will be sufficient and 
accurate genetie material for eaeh of the two 'daughter eells'. The strands of DNA separate and 
reattaeh to new strands of DNA. Because of the seleetivity of the bases as to which other base 
they are able to join in this proeess, an exact replieation of the DNA occurs (Figure 3.5). 

In addition, extra eell organelles are manufactured or produced by the replieation of existing 
organelles. Also during interphase, the eell builds up a store of energy, which is required for the 
proeess of division. 

Prophase 

The first stage after interphase is prophase. During prophase, the ehromosomes beeome 
shorter, fatter and more visible. Eaeh ehromosome now eonsists of two ehromatìds, eaeh eon- 
taining the same genetie information (in other words, the DNA has exactly replieated itself dur- 
ing interphase).These two ehromatìds are joined together at an area known as the eentromere. 
The two eentrosomes move to opposite ends of the eell (the poles) and are joined together by 
the nuclear spìndle, which stretehes from end to end (or pole to pole) of the eell.The eentre of 
the eell is now ealled the equator. Finally, the nucleolus and nuclear membrane disappear, 
leaving the ehromosomes within the eytoplasm. 

Metaphase 

During metaphase, the 46 ehromosomes (two of eaeh of the 23 ehromosomes) eaeh eonsisting 
of two ehromatìds move to the equator of the nuclear spìndle, and here they beeome attaehed 

to the spìndle fìbres. 
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Anaphase 

During anaphase, the ehromatìds in eaeh ehromosome are separated, and one ehromatìd 
from eaeh ehromosome then moves tovvards eaeh pole of the spìndle. 

Telophase 

There are novv 46 ehromatìds at eaeh pole, and these vvill form the ehromosomes of the daughter 
eells.The eell membrane eonstriets in the eentre of the eell, dividing it into tvvo eells.The nuclear 
spìndle disappears, and a nuclear membrane forms around the ehromosomes in eaeh of the 
daughter eells.The ehromosomes beeome long and thread-like again. 

Cell division 

Cell division is novv eomplete (Figure 3.10) and the daughter eells themselves enter the inter- 
phase stage in order to prepare for their replieation and division. 

This proeess of eell division explains hovv vve grovv by producing nevv eells as vvell as replaeing 
old, damaged and dead eells. 


Meìosìs 

VVhereas mitosis is eoneerned vvith the reproduction of individual eells, meiosis is eoneerned 
vvith the development of vvhole organisms (e.g. human beings). 

The reproduction of a human being depends upon the fusion of reproductive eells (knovvn as 
gametes) from eaeh of the parents.These gametes are: 

spermatozoa (sperm) from the male; 

ova (eggs) from the female. 

Eaeh eell of the human body eontains 23 pairs of ehromosomes (i.e. 46 in total). It is very 
important that during the proeess of human reproduction the eell formed vvhen the gametes 
fuse has the eorreet number of ehromosomes for a human being (23 pairs). Therefore, eaeh 
gamete must possess only 23 single ehromosomes, because vvhen gametes fuse during 
reproduction all their ehromosomes remain intaet in the nevv life form. If eaeh gamete had a 
full eomplement of 46 ehromosomes, then the resulting fused eell vvould possess 92 ehromosomes 
- or four eopies of eaeh ehromosome rather than the tvvo that a human eell should possess. 
From then on, eaeh succeeding generation vvould have double the number of ehromosomes, 
so that after several generations humans vvould have eells that possess millions and millions 
of eopies of the 23 ehromosomes. To stop this happening, the gametes only possess one 
eopy of eaeh ehromosome, so that the resulting fused eell has 46 ehromosomes, like 
the parents. 

Novv you have tvvo nevv terms to learn and understand: dìploìd and haploíd eells. 

Dìploìd eell: a eell vvith a full eomplement of 46 ehromosomes (i.e. 23 pairs). 

Haploíd eell: a eell vvith only half that number of ehromosomes (i.e. 23 single 

ehromosomes). 

Gametes are therefore haploid eells, because they only possess one eopy of eaeh ehromo- 
some, vvhile all other eells of the body are diploid eells. 

Gametes actually develop from eells vvith 46 ehromosomes, and it is through the pro- 
eess of meìosìs that they end up vvith just 23 ehromosomes. In effeet in meíosís the eells 
actually divide tvviee, vvithout the replieation of DNA occurring again before the seeond 
division. 
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Fìgure3.10 (a-f) Mitosis. Soe/ree:Tortora and Derriekson (2009). Reproduced with permission of John 
Wiley &Sons. 


For deseriptive purposes, meìosìs ean be divided into eight stages (not the four of mìtosìs), 
but rather two meìotìe divisions eaeh with four stages. However, they do have the same names, 
but are given the number I or II. As with mìtosìs, these stages are continuous with one another. 
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First meiotie stage: 
o prophase I 
o metaphase I 
o anaphaseI 
o telophase I. 

Seeond meiotie stage: 
o prophase II 
o metaphase II 
o anaphase II 
o telophase II. 

Hovvever, there are differenees betvveen vvhat happens during the proeess of mìtosìs and 
vvhat happens during meiosis, as vvell as many similarities. 

Fìrst meìotìe dìvísìon 

Prophase I 

Prophase I is similar to the stage of prophase in mìtosìs. Hovvever, instead of being seattered 
randomly, the ehromosomes (eonsisting of tvvo ehromatìds) are arranged in 23 pairs. For 
example, the tvvo ehromosome 1 s vvill pair up, as vvill the tvvo ehromosome 2s, and so on. Eaeh 
pair of ehromosomes is ealled a bìvalent. VVithin eaeh pair of ehromosomes, genetie material 
may be exchanged betvveen the tvvo ehromosomes, and it is these exchanges that are partly 
responsible for the differenees betvveen ehildren of the same parents.This proeess is ealled gene 
erossover (Figure 3.11). 

The important point to remember about meiosis is that the DNA is not replieated during the 
first meiotie division. 

Metophase I 

As in mitosis, the ehromosomes beeome arranged on the spindles at the equator. Hovvever, they 
remain in pairs. 
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Fìgure 3.11 Gene erossover. 
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Anaphase I 

One ehromosonne from eaeh pair moves to eaeh pole, so that there are now 23 ehromosomes at 
eaeh end of the spindle. 

Telophase I 

The eell membrane now divides the eell into two halves, as in mitosis. Eaeh daughter eell now 
has half the number of ehromosomes that eaeh parent eell had (Jorde etal., 2009). 

Seeond meiotie division 

During the seeond meiotie division, both of the eells produced by the first meiotie division now 
divide again. 

Prophase II, metaphase II, anaphase II and telophase II are all similar to their equivalent 
stage in mìtosís, with the exception that the ehromosomes are not replieated, before prophase 
II, so there are only 23 single ehromosomes in eaeh of the granddaughter eells. That way, 
when the gametes fuse during reproduction, there are still only 23 pairs of ehromosomes per 
human eell, rather than the 46 pairs if the ehromosomes had replieated during the first mei- 
otie division. 

Of the 23 pairs of ehromosomes, 22 pairs are autosomal and two ehromosomes (i.e. one pair) 
are the sex ehromosomes. Remember, autosomal meansbf the self body'(auto = self; somatie = 
of the body). In other words, autosomal ehromosomes are eoneerned with the body. On the 
other hand, the sex ehromosomes determine the gender of a person. Male sex ehromosomes 
are designated by the letter Y, and female ehromosomes are designated by the letter X. A male 
will earry the ehromosomes XY (an X ehromosome from the mother and a Y ehromosome from 
the father), while a female will earry the ehromosomes XX (an X ehromosome from both the 
father and the mother). 

Mendelian geneties 

So far this ehapter has examined the biology of geneties, and now it is going to look at the role 
of geneties in inheritanee. This is very important because, as stated previously, what we are is 
designated to a large extent by our genetie make-up - which is inherited from our parents.The 
eaveatTo a large extenf is because as well as being a product of our genes we are also a product 
of our environment - time, spaee, relationships, education, and so on. 

So how do we inherit our genes from our parents? To understand this we have to return to the 
1860s. In Brno (which is now a large town in the Gzeeh Republic but was then a small, sleepy 
town in Bohemia) there was a monastery, and in that monastery there lived and worked a monk 
with a very inquiring mind. His name was Gregor Mendel and he worked in the monastery 
gardens where he put his mind to good use trying to perfeet the ideal pea. As part of this work, 
he experimented with eross-breeding. Now, at that time, eross-breeding went on everywhere - 
on farms and in gardens; and of course, we humans eross-breed as well. However, what was 
different about Mendel was that not only did he experiment with eross-breeding different peas, 
but he also made notes on his experiments and observations. He introduced three novel 
approaehes to the study of eross-breeding - at least novel for his time, because no one else was 
doing this. Not only did he observe, but he experimented and observed. Having observed and 
experimented he then used statisties. He ensured that the original parental stoeks, from which 
his erosses were derived, were pure breeding stoeks (the use of statisties was not at that time 
fully part of the tradition of biology). 
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The phenomena that Mendel diseovered/observed were statistieal in form: the now famous 
ratios made sense only in the context of counting large numbers of speeimens and calculating 
averages. However, the methods for evaluating statistieal data in a seientifie way did not exist 
then and were not to be developed for a further 30 years or so. It was only much later that the 
validity of such an approaeh could be aeeepted. 

In 1866, Mendel wrote and published a paper on his experiments, and the response from the 
seientifie community to this paper was deafening in its silenee - his observations and theories 
were eompletely ignored until theirYediseovery'in the early 1900s. 

In addition, Mendel's work was earried out not in one of the main eentres of seienee, but at 
the periphery and it was obscurely published. In seienee, as in the rest of life, who expresses 
an idea and where they work affeets its reeeption. This is as true today as it was in 1866. But 
without a doubt the seienee of inheritanee is based upon what Mendel diseovered all those 
years ago. 

So, what did Mendel diseover? Well he demonstrated that members of a pair of alleles 
separate elearly during meiosis (remember that alleles are different sequences of 
genetie material occupying the same gene locus or plaee on the DNA, but on different 
ehromosomes). 

Remember also that we all have a pair of genes (alleles) at eaeh locus, but because of the 
proeess of meìosìs (discussed above) we ean only pass one of those genes to our ehild. 

Figure 3.12 makes things elearer. In this figure, at the same locus on a ehromosome, the father 
has the two alleles Aa and the mother has the two alleles Bb. When they reproduce, the father 
ean pass either gene A or gene a (both are at the same locus and are therefore alleles) and the 
mother ean pass on either gene B or gene b (again both at the same locus). However, eaeh ehild 
ean only inherit one of gene A or gene a from the father and one of gene B or gene b from the 
mother. 

What the ehild eannot do is inherit both gene A and gene a or gene B and gene b. Only one 
allele from eaeh parent ean be inherited by a ehild. This is known as Mendel's first law. 

What are the statistieal ehanees of a ehild inheriting any one of those sets of genes from the 
parents AB, Ab, aB, ab? The answer is 1 in 4 (or 1:4). In other words, there is a 25% ehanee that 
any ehild will inherit one of those pairs of genes from his parents. 

So, that brings us to MendeFs seeond law, which asserts that members of different pairs of 
alleles sort independently of eaeh other during gametogenesis (the production of gametes), 
and eaeh member of a pair of alleles may occur randomly with either member of another pair of 
alleles. Note that gametogenesís is the production of haploid sex eells, which eaeh earry one 
half the genetie make-up of the parents. 

This now brings us to the eoneept of dominant and reeessive genes. This has a great bearing 
on many health disorders that we may encounter, as well as determining such eharaeteristies as 
eye colour, hair colour, and so on. 


FATHER MOTHER 



Fìgure 3.12 Genetie inheritanee. 
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Dominant genes and reeessive genes 

At eaeh locus, the two alleles (genes) ean be either domínant or reeessìve. A domìnant gene 
is an allele that will be refleeted in the phenotype (the physieal manifestation) no matter what 
the other allele does. By eontrast a reeessìve gene is one that will only appear in the phenotype 
if the eorresponding allele is also reeessive and has the same eharaeteristie as the first allele. 

Note that in genetie representations dominant genes are usually given eapital letters, while 
reeessive genes are usually given lower-case letters - but not always. Therefore, in the figures 
above and below, one gene is dominant and one is reeessive. 

Look again at Figure 3.12. Suppose parents had four ehildren and they all had different 
genotypes (genetie make-up), so that they eaeh were represented by one of the pairs of genes. 
How many of the offspring would earry at least one domìnant gene, and how many would earry 
only reeessìve genes at this locus? 

The answer is that three of the four ehildren (75%) would earry at least one domìnant gene, 
and one of the four ehildren (25%) would earry both reeessìve genes. Of course, all four ehildren 
may inherit the same pair of genes at this locus, or maybe two will inherit the same genes. 
Mendel's first law is relevant only in saying that there is a 1 -in-4 ehanee at eaeh pregnaney that 
the ehildren will earry a eertain genotype. 

Another example: a man with red hair marries a woman with brown hair. As time goes by, they 
have several ehildren, all of whom have brown hair. Which is the dominant gene for hair colour 
and who earries it? 

The gene for brown hair earried by the mother is the dominant gene in this instanee. Their 
offspring all marry partners with brown hair, but some of their offspring have red hair, like their 
maternal grandfather. How ean this be explained? 

There are two possible explanations: 

• Some of the ehildren earry the red hair reeessive gene from their father and their partners also 
earry a reeessive red hair gene - this is most likely. 

• The father was not the genetie father of those ehildren. 


Autosomal dominant inherítanee and ill health 

If the dominant gene of one of the parents is one that causes a medieal disorder, for example 
Huntington's disease or neurofibromatosis, what is the risk of any ehild of those parents having 
the disease? 

The answer is 50% or a 1-in-2 riskof a ehild having an autosomal domìnant dìsorder. 

Why is this? Lookat Figure 3.12, and assume that the father (genes A and a) earries the mutant 
gene on gene A. As a dominant gene is always expressed in the phenotype, then statistieally 
there will be a 50% ehanee of any ehild having the disease, because the ehild could inherit gene 
a from the father rather than gene A. Of course, any ehild who earries gene A will have a 100% 
ehanee of having the disease; there will be no eseaping it. 

Autosomal reeessíve ínherítanee and íll health 

Autosomal reeessìve dìseases occur when both parents are earrying the same defeet on a 
reeessive gene at the same locus. Both parents have to earry the defeetive gene otherwise the 
ehild eannot be affeeted by the disease. 

In autosomal reeessive diseases, if the ehild (or parent) only earried the defeet on one gene, 
then he (or she) is a earrier of that disease and ean pass on that defeetive gene to his (or her) 
ehildren. They in turn could pass it on to their ehildren, who, if they inherit it, would also be 
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earriers, and this situation could continue through many generations until the earrier has ehildren 
with someone who is also a earrier of that mutant gene. There is then a risk of their ehildren 
being elther a earrier or having the disorder. 

So, then, what are the risks of: 

A ehild being a earrier of the reeessive gene? 

A ehild having the disease caused by this mutated/abnormal gene? 


Medieines management 

Gene replaeement therapy 

Gene therapy is one way in which genetie disorders ean be treated, or at least ameliorated, by 

replaeing the mutated or malfunctioning gene; 

manipulating or turning off the gene that is causing the disease; 

stimulating other bodily functions to fìght the disease. 

The most eommon form of gene therapy is by replaeing a malfunctioning or missing gene with 
a healthy one. There have been many attempts in the past to cure diseases with gene therapy. In 
the late 1990s, attempts were made to treat eystie fìbrosis, but these attempts failed. However, in 
the early 2000s, in Franee, gene replaeement therapy was successful with a particular type of 
immune defieieney: adenosine deaminase defieieney severe eombined immunodeficiency. 
However, gene therapy poses a riskof potentially serious eomplieations, in the first plaee due to the 
method that is used to insert the'new'eorreetive genes, namely by inserting them inside viruses 
which arethen inserted intothe body.These ean identify eertain eellsas well astransmitthegenetie 
material into the eells eontaining a malfunctioned or missed gene. For that reason, modified viruses 
are used as veetors or earriers of the healthy genes.This method of insertion of healthy genes may 
not seem problematie at first glanee, but it ean cause potentially serious eomplieations - and 
indeed, as in the early originally successful transplants, two ehildren eontraeted leukaemia as a 
result of the virus inserting the eorreetive genes into the wrong plaee in the genome. However, 
these days, this problem has been largely eliminated, and gene replaeement for this and other 
primary immunodeficiencies is regularly earried out in speeialist eentres. 

However, other problems could arise; for example, the inserted virus could be pereeived as a 
foreign invader by the immune system so that the immune system would then release antibodies 
to destroy the virus, which could lead to organ failure. Also, the use of viruses as veetors could risk 
a viral dispersion, so causing other diseases to develop, including eaneer. However, so far, in the 
ease of ehildren with speeifìe severe primary immunodefìciencies, this has not been a problem, 
but it is an ever-present risk. On the other hand, most other treatments for these diseases are not 
particularly successfuk so risks and benefìts have to be very carefully weighed up by medieal 
staff and, more importantly, by parents. Like every advanee, onee there has been such success, 
however small seale it may be, it then spurs on other researehers, doetors, and so on to explore 
this procedure for other genetie eonditions. 


To work this out lookagain at Figure 3.12. In this ease, the lower-case letters a and b represent 
the abnormal reeessive gene. As ean be seen, both parents earry this abnormal gene; for 
example, for eystìe fìbrosìs - this is a well-known disease that is inherited as an autosomal 
reeessive disorder. 
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If the two reeessive genes (a or b) that eode for eystie fibrosis are earried by the parents, then 
the ehanees at eaeh pregnaney of 

• having an affeeted ehild are 1 in 4 (or 25%); 

• having a ehild who is a earrier are 2 in 4 (or 50%); 

having a ehild who is neither affeeted nor a earrier is 1 in 4 (or 25%). 

Why is this? Look at Figure 3.12 again. 

• Only one ehild has two affeeted genes (a and b), and because both affeeted genes have to be 
present in order for the disease to appear, this is one ehild out of four, or 25%. 

• Only one ehild does not have an affeeted gene (a and b), and so the disease eannot occur; 
neither ean the ehild be a earrier, because there is no affeeted gene to be earried, so this is one 
ehild out of four, or 25%. 

• Two ehildren have an affeeted gene (either a or b), but they also have an unaffected dominant 
gene (AorB). 

Whenever there is a dominant gene, the affeeted reeessive gene eannot be expressed in the 
phenotype (physieally) as the dominant gene bloeks the aetion of the affeeted reeessive gene. 
So, there are two ehildren out of four that lead to the earrier state (or 50%). However, always 
remember that ehildren who are earriers ean pass on the affeeted gene to their ehildren. 

It is important to remember that these odds occur for eaeh pregnaney, so you could have four 
ehildren and have: 

• oneaffeeted 

• two earriers and one unaffected 

• four earriers, three affeeted and one earrier 

• andsoon. 

Remember that the odds are the same for eaeh ehild born to those parents (LeMone et al, 2015). 

eiinieal eonsiderations 

Genetie counsellíng 

Generally, the elinieal applieation of geneties in health is, at the moment, the responsibility of 
doetors and seientists. However, there is one extremely important aspeet of geneties in ill health 
that is within the nurse's seope of praetiee, and that is genetie counselling. 

A genetie counsellor has to provide information, offer support to the patient and family, as well as 
being able to attempt to deal with a patient 's and family's speeifìe questions and eoneerns.The inclusion 
of the family is very important when dealing with genetie illnesses because, particularly if the illness is 
an inherited one, that has ramifìeations for the family as a whole. However, if requested, the patient will 
be seen separately from the family - and indeed, the family may wish to have individual consultations 
with the genetie counsellor as they may have questions that are particularly relevant to them. 

For a consultation, a geneties counsellor will need 

knowledge of geneties and genetie diseases; 

knowledge of the variety of treatments available for genetie diseases; 
empathy and respeet for the patient and family; 
time and patienee; 

a boxoftissues. .. 
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During a consultation, the geneties counsellor will 

Start to builcl up a rapport and trust with the patient and family members. 

Explain in terms appropriate for the patient/family complex medieal and seientifìe information. 
Help the patient/family to make informed and independent deeisions eoneerning the present 
and future implieations of the genetie illness. 

Give the patient/family the time to start to eome to terms with the information they have 
reeeived, and help them by repetition and innovative explanations until they have absorbed 
and understood the situation. 

Respeet the patientVfamily member's individual beliefs and feelings and not attempt to 
impose their own feelings and beliefs on the situation. 

Not tell anyone what they should do; for example, advise a couple not to have ehildren, end a 
pregnaney, undergo testing for a genetie disorder or have speeifie treatment. 

Maintain privaey and eonfidentiality at all times. 

Be truthful as to potential consequences, but emphasise any positives over negatives. For 
example, if a couple are found to earry an autosomal reeessive gene, explain that there is a 1-in-4 
ehanee that any ehildren will be affeeted and a 2-in-4 ehanee that any ehildren will be a earrier 
of the disease, but then tell them that this means that, in faet there is a 3-in-4 ehanee that any 
ehildren will not have the genetie disease. Also, it is important to stress that these odds apply 
to every pregnaney, so a couple could have four ehildren and all be affeeted, or they could have 
four ehildren and none of them be affeeted. 

Allow the patient/family members time to go away and think about the information and its 
potential ramifìeations, and arrange for them to be seen again in the near future, as well as be 
available to answer queries as and when they erop up. 

Most hospitals now have speeialist geneties counsellors, but they ean only see the patients and 
families every now and then. This is where the nurse on the ward or in the elinie eomes into their 
own. Patients and families with health problems with a genetie underpinning will always want to 
discuss it with people they know and trust when they need to, not by appointment. Consequently, 
the nurse, as well, as the geneties counsellor, needs to have a knowledge of the eonditions and 
their treatments and outcomes. This is espeeially so when it eomes to genetie inheritanee medieal 
problems. As their nurse, it is important to give them the time (and hopefully some of the answers), 
support and honesty that they are asking for and require. Much of what the geneties counsellor has 
discussed with the patient/family needs to be repeated and reinforeed during the long days that 
patients and families spend in hospital - and, perhaps more importantly, during the long, quiet 
nights when eoneerns and fears eome to the fore. At the end of the day, as a nurse you need to use 
your knowledge and skills (physieal, psyehosoeial and empathetie) to help them to eome to terms 
with their diagnosis and prognosis, whether that be good or bad. 


Morbídìty and mortalíty of domínant versus reeessíve dísorders 

Autosomal dominant disorders are generally less severe than reeessive disorders because if 
someone earries the affeeted gene they would have that disorder, whereas with autosomal 
reeessive disorders a person ean be a earrier but not have the disease. 

If autosomal dominant disorders were as severe and fatal as autosomal reeessive disorders, 
then the disease would die out as all the people with an affeeted autosomal dominant gene 
would normally die before being old enough to pass it on to their offspring. 
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An exception is Huntington's disease, which is a fatal autosonnal dominant disorder, but 
it survives because the symptoms do not usually beeome apparent until the person with it 
is in their 30s, by which time they could have passed on the affeeted gene to their 
ehildren. 

X-línked reeessíve dìsorders 

As well as autosomal inheritanee, we ean also inherit disorders via the sex ehromosomes. The 
main role of these ehromosomes is to determine the gender of the baby: 

• XX = gìrl 

• XY = boy. 

First of all, look at the possibilities of having a boy or a girl when you deeide to have a 
baby. From Figure 3.13, it ean be seen that the ehanees for eaeh pregnaney of a boy or a girl 
are 50%. 

Some disorders are only passed on via the X ehromosome. Examples are X-linked haemophilia 
and Duchenne muscular dystrophy. With these disorders, only boys are affeeted and only girls 
are earriers but are unaffected. 

If we eonsider that the lower-case x is the affeeted gene for haemophilia, then what is going 
to happen? 

• The first ehild is a girl who does not earry the affeeted gene, but two normal genes, so she is 
neither a earrier nor affeeted. 

• The seeond ehild earries a normal X and a Y, so he is a boy who does not earry the abnormal 
gene. Consequently, he is neither a earrier nor affeeted. 

• The third ehild is a girl who earries the abnormal gene, but the aetion of that gene is bloeked 
by the other normal X gene, so she is not affeeted, but is a earrier. 

• The fourth ehild is a boy who earries an abnormal X gene and a normal Y gene. Unfortunately, 
the Y gene is unable to bloek the aetion of the abnormal gene, so he is a earrier and is also 
affeeted. 

Consequently, we ean say that there is a ehanee that: 

• one out of two girls (50%) will be a earrier; 

• one out of two boys (50%) will be affeeted. 


Mother 


Father 




Fìgure 3.13 X-linked inheritanee. 
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Medieines management 

Bone marrow transplants 

One of the problems with trying to treat gene disorders is that unfortunately, only the symptoms 
ean be treated, not the underlying genetie disease. A major reason for this is a laek of knowledge of 
the underlying causes of genetie disorders by researehers and medieal staff. As a consequence, most 
genetie disorders eannot be cured unfortunately, so treatment at the moment ean realistieally only 
be eoneerned with managing the symptoms. However, one therapy with some success is bone 
marrow transplantation (BMT). 

BMT is the only known treatment for a variety of genetie diseases, mainly inborn errors of metab- 
olism/storage dlseases. These diseases are caused by a defieieney of a speeifìe substance in the 
body, usually a protein, which results in the accumulation of toxic ehemieals inside the eells. 

These successfully treated storage diseases include: 

Hurler's mucopolysaccharidosis - also known as MPS I 

adrenoleukodystrophy 

metaehromatie leukodystrophy 

Krabbe's disease 

Niemann-Piek. 

There have been other successful treatments, buttoofew have been evaluated to know whether 
or not BMT will be helpful. 

However, there have been more than 300 patients with Hurler's disease treated by BMT and in 
many eases the donors have been human leukocyte antigen (HLA)-matehed siblings (a eomplete 
HLA mateh for the essential antigens - see Ghapter 16. These transplants do require eonditioning 
regimens, including high doses of ehemotherapy, which ean, in itself, cause problems, and even 
death.Those successfully transplanted do have less risk of organ damage. However, as yet we do 
not know too much about the long-term effeets of this treatment on growth and skeletal development. 
Of greatest signifìeanee is the effeet on the eentral nervous system. Results have, though, shown 
that any prior brain damage will not be reversed, although long-term studies appear to show that 
further nervous system degeneration is reduced or even prevented. 


Spontaneous matatìon 

Now to briefly mention another way in which an unusual or abnormal gene ean occur in someone 
and cause genetie disorders.This is known as spontaneous mutatìon. Because of the great speed 
and preeision needed at eaeh replieation of DNA of the germ eells, or of protein synthesis, it is 
possible for mistakes to occur, and in this way genetie mutations arise.There is no way of predieting 
or preventing this; the first anyone will know about it is when it is manifested as a disease. 

Finally, there are also the problems of ehemieal and trauma mutations - mutations due to 
outside occurrences that ean cause disease due to their effeets on various genes. 

Conclusíon 

This eompletes the ehapter on basie geneties. Although geneties may appear eomplieated, it is 
a very important subject because our genes make us what we are, but also they ean leave us 
susceptible to eertain diseases and have a say in how we respond to treatment for diseases, and 
how we live our lives, work, develop relationships, and indeed survive in the world. 
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Adenìne Oneofthefour nitrogen-earbon basesofDNA. 

Allele The plaee on the ehromosomes where genes which eode for the same function are to be 
found. 

Amíno aeìd Amino aeids, which are eoded for by genes, ean be eonsidered as the building bloeks 
of proteins. 

Anaphase The stage in eell division where the ehromosome separates and moves to the poles of 
the eells. 

Antíeodon A tríplet of bases on tRNA eneoding for amìno aeìds that join with other trìplets (or 

antieodons) to produce the appropriate proteins. 

Autosome The name given to ehromosomes that are not one of the two sex ehromosomes. 

Autosomal domìnant dìsorder A medieal disorder caused by a faulty domínant gene inherited 
from one of the parents. 

Autosomal reeessìve dìsorder A medieal disorder caused by the same fault on reeessíve genes 

inherited from both parents. 

Base Part of the double helìx, bases are the eode that will eventually lead to the formation of 
protein. 

Bìvalent A pair of assoeiated homologous ehromosomes formed after replieation of the ehromo- 
somes, with eaeh replieated ehromosome eonsisting of two ehromatìds. 

Cell eyele The proeess by which a eell prepares for, and undertakes, eell growth and division. 

ehromatìd One half of a ehromosome. 

Gentromere The point at which two ehromatíds beeome attaehed to form a ehromosome. 

Gentrosome An organelle found in eukaryotìc eells and which is the main plaee where eell 
microtubules are organised. It is particularly important because it regulates eell division. 

ehromosome l\/lixture of DNA and protein - eontains our genetie make-up. 

Codon A triplet of bases on mRNA that eneodes for a particular amíno aeìd. 

eytosìne Oneofthefour nitrogen-earbon basesofDNA. 

Deoxyrìbose A major part of DNA, deoxyribose is derived from a sugar known as ribose but has 
lost an atom of oxygen - which leads to its name. 

Díploíd eell A eell that eontains two sets of identieal ehromosomes. See haploìd eell. 

DNA Deoxyribonucleic aeid - part of the double helix. 

Domínant gene A gene that ean exert its effeets on the body on its own. In other words, it dominates 

the reeessíve gene at the same locus. 

Double helix Two strands of DNA joined together in a spiral formation. 

Equator of the eell The eentre of the eell during eell division. 

Gamete A reproductive eell; for example, spermatozoon or ovum. 

Gametogenesis The production of gametes. 

Gene A unit of heredity in a living organism. 
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Gene erossover The proeess at the eommeneennent of meìosìs vvhereby genetie material may be 
transferred betvveen ehromosomes. 

Genotype The genotype of a person is their genetie make-up. See phenotype. 

Guanìne One of the four nitrogen-earbon bases of DNA. 

Haploìd eell A eell that eontains just one set of ehromosomes. See dìploíd eell. 

Heredìty The passing dovvn of genesfrom generation to generation. 

Heterologous 'Different' as opposed to homologous, vvhieh meansThe same'. 

Heterozygous A pair of dissimilar alleles for a particular gene locus. See homozygous. 

Hìstone Proteìns found in eell nuclei, vvhieh paekage and order the DNA into nucleosomes - so 
making it possible for the ehromosomes to be fitted into a eell vvithout beeoming tangled. 

Homologous 'Same'- see heterologous. 

Homozygous A pair of identieal alleles for a particular gene locus. See heterozygous. 

Interphase The longest stage of the eell eyele, during vvhieh the eell is grovving and preparing for 
replieation. 

Locus A gene's position on a ehromosome. 

Meíosìs Goneerned vvith the development of vvhole organisms and is a proeess in vvhieh dìploíd 
eells beeome haploíd eells, so ensuring that the eorreet number of ehromosomes are passed to the 
offspring. 

Mendelìan genetìes The geneties of inheritanee (named after Gregor Mendel). 

Mendel's first law Only one allele from eaeh parent ean be inherited by their ehild. 

Mendel's seeond law During gametogenesís, members of different pairs of alleles are randomly 
sorted independently of eaeh other. 

Metaphase The stage in the eell eyele vvhen the ehromosomes move to the equator of the eell 
preparatory to separating. 

Mítosís The proeess by vvhieh ehromosomes are accurately reproduced in eells during eell 
division. 

mRNA Messenger ribonucleic aeid; it is important in the production of proteins from amíno aeíds. 

Nucleíc aeíd A mixture of phosphorie aeid, sugars, and organie bases, nucleic aeids direet the course of 
protein synthesis (or production), so regulating all eell aetivities. DNA and RNA are nucleic aeids. 

Nucleosome The basie unit of DNA onee it is paekaged in a eelTs nucleus; it eonsists of a segment 
of DNA vvound around a hìstone. 

Nucleotìde The name for the parts of DNA eonsisting of sugar (deoxyribose) and one of the four 

bases (adenìne, thymìne, guanìne and eytosìne). In other vvords, it is the basis of our genes. 

Ova Female reproductive eells (also knovvn as eggs). 

Phenotype The phenotype is the expressed features of a person, and is derived from the interaetion 
of the genotype of a person vvith the environment. 

Phosphate An inorganie molecule forming part of the double helix. 

Poles of the eell The ends of a eell during the stages of eell division. 

Prophase The first stage ofeell division vvhere ehromosomes fold together and beeome more visible. 
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Reeessíve gene A reeessive gene requires another reeessive gene at the same locus before it ean 
have an effeet on the body. In other words, it is not domìnant over another gene at the same locus. 

Rìbosomes Small, bead-like structures in a eell that along with RNA, are involved in making pro- 
teins from amino aeíds (see Ghapter 2). 

RNA Ribonucleic aeid - transeríbed from DNA. 

Spermatozoa Male reproductive eells. 

Spontaneous mutatíon dísorder A medieal disorder caused by a new fault that has developed on 
a gene; that is, neither of the parents earries that faulty gene. 

Strand The long parts of the double helix, eonsisting of deoxyribose and phosphate. 

Telophase The stage in eell division where the eell actually divides and forms two identieal 
daughter eells. 

Termination eodon A triplet of bases that stops the synthesis of amino aeids onee the speeified 
protein of that sequence has been produced. 

Thymine Oneofthefour nitrogen-earbon basesof DNA. 

Transeription The proeess by which something with which we eannot work is ehanged into some- 
thing that we ean. In geneties, this is the ehanging of DNA into RNA. 

Translation The proeess that allows us to make sense of what we have in front of us. In geneties, 
translation is the proeess by which information in the bases of mRNA is used to speeify the amino 
aeid of a protein. 

Triplet Sequences of three RNA bases that eode for different amino aeids. 

tRNA Transfer ribonucleic aeid; it is important in the production of proteins from amino aeids. 

X-linked reeessive disease A medieal disorder caused by a fault on the X gene (one of the sex 
genes). Only females are earriers and only males ean have these disorders. 
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Aetìvìtìes 

Maltiple ehoíee questions 

1 . With regard to DNA bases, eytosine in the DNAjoins with: 

(a) guanine 

(b) uracil 
(e) adenine 

(d) thymine 

2. Nucleotides eonsist ofthree eomponents; these are: 

(a) base, helix, amino aeid 

(b) helix, deoxyribose, base 

(e) phosphate, base, deoxyribose 

(d) ribonucleic aeid, deoxyribose, helix 

3. Normally, humans have: 

(a) 44 ehromosomes 

(b) 46 ehromosomes 

(e) 47 ehromosomes 

(d) 45 ehromosomes 

4. The position that a gene occupies on a ehromosome is knovvn as: 

(a) theallele 

(b) the locus 

(e) the autosome 

(d) the histone 

5. Protein synthesis is the proeess of: 

(a) protein breakdovvn 

(b) protein eneoding 

(e) protein translation 

(d) protein production 

6. If DNA has a base sequence of GGGTATGA, then the eorresponding sequence of mRNA vvill be: 

(a) TATCGCTG 

(b) CGCAUACU 

(e) AUAGCGCU 

(d) UCUATAUC 

7. During protein synthesis, vvhieh of the follovving are sequentially attaehed to tRNA triplets? 

(a) ribosomal proteins 

(b) eodons 

(e) nucleotides 

(d) amino aeids 

8 The four stages of mitosis take plaee in vvhieh of the follovving orders? 

(a) metaphase, prophase, telophase, anaphase 

(b) prophase, anaphase, telophase, metaphase 

(e) prophase, metaphase, anaphase, telophase 
(d) anaphase, telophase, prophase, metaphase 
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9, The period betvveen the actual proeess of eell and nuclear replieation vvithin eells is knovvn as: 

(a) protophase 

(b) interphase 
(e) rephrase 

(d) organophase 

10. In Mendelian geneties, Mendersfirst lavv states that: 

(a) alleles are different sequences of genetie material occupying the same locus 

(b) hunnans have 46 ehromosomes 

(e) only one allele from eaeh parent ean be inherited by a ehild 
(d) different pairs of alleles sort independently of eaeh other 


True or false 


1. Genes are seetions of RNA earried vvithin our ehromosomes. 

2. Deoxyribonucleic aeid is a major eomponent of our DNA. 

3. DNA eonsists of deoxyribose, phosphate and base. 

4. Eaeh ehromosome eonsists of tvvo eentromeres joined by a ehromatid. 

5. In the double helix, the bases are joined together by hydrogen bonding. 

6 During protein synthesis, the synthesis of amino aeids/protein is stopped at the eorreet 
point by an antieodon. 

7. Huntington's disease is an example of X-linked inheritanee. 

8 Autosomal dominant disorders are generally more severe than autosomal reeessive disorders. 
9. Duchene muscular dystrophy is an example of X-linked inheritanee. 

10 In autosomal dominantdisorders,statistically,there isa 25%chanceofhaving an affeeted ehild. 


Label the díagram 1 

Label the diagram using the follovving list of vvords: 

Nucleus, DNA, Nuclear pore, RNA, Plasma membrane, Gytoplasm, RNA, Ribosome, Protein 



Soi/ree: Tortora and Derriekson (2014). Reproduced vvith permission of John Wiley & Sons. 
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Label the diagram 2 


Label the diagram using the follovving list of vvords: 
Transcription,Translation, DNA, RNA, Protein 


Test your learníng 

1. Deseribe DNA, RNA, ehromosome. 

2. Explain hovv the ehromosome is organised so that it ean fit in a eell. 

3. Explain dominant and reeessive genes. 

4. List the bases of DNA and their eorresponding RNA bases. 

5. Deseribe in your ovvn vvords the proeess of protein synthesis. 

6 . List the stages of mitosis and meiosis. 

7. Explain the importanee of gene erossover during meiosis. 

8 Discuss autosomal dominant and autosomal reeessive genes in relation to ill health. 


Fill in the blanks 

Fill in the blanks using the eorreet vvords from the list: 


During protein synthesis all the 


instructions for making proteins are found in 


. The first stage of protein production involves the 


of this information 


into 


, vvhieh, in turn, is 


into a eorresponding sequence of 


that join together to form 


molecules. 


amino aeids, DNA, genetie, protein, RNA, transeription, translated 
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Word seareh 

Find the follovving vvords vvithin the grid: 

Amino aeid, Anaphase, Garrier, Cell, DNA, Mendel, Mitosis, Protein, Reeessive, RNA, Tears, 
Telophase, Translation 
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eondítions 

Thefollovving is a list of eomnnon genetie eonditions.Take some time and vvrite notes about eaeh 
of the eonditions. You may make the notes taken from text books or other resources (e.g. people 
you vvork vvith in a elinieal area), or you may make the notes as a result of people you have eared 
for. If you are making notes about people you have eared for you must ensure that you adhere 
to the rules of eonfidentiality. 


Motor neurone disease 


Prader-VVilli syndrome 


Alzheimer disease, type 2 


Neurofibromatosis 


Dovvn syndrome 



Turner syndrome 




Tissue 

Anthony VVheeldon 



• List the four main types of body tissue. 

• What are the main functions of epithelial tissue? 
Name the four types of eonneetive tissue. 

Which types of muscle are involuntary? 

What are the main steps of tissue repair? 


Learning outcomes 

After reading this ehapter you will be able to: 

Deseribe the eharaeteristies of epithelial tissue 

• List the elassifìeations of epithelial tissue 

• Discuss the functions of eonneetive tissue 

• List the elassifìeations of eonneetive tissue 
Deseribe the proeess of tissue repair 


Fundamentals ofAnatomy and Physiology: For Nursing and Heaitheare Students, Seeond Edition. Edited by lan Peate and Moralitharan Nair. 
© 2017 John VViley & Sons, Ltd. Poblished 2017 by John VViley & Sons, Ltd. 

Stodent eompanion vvebsite: vvvvvv.vvileyfundamentalseries.com/anatomy 
lnstructor eompanion vvebsite: vvvvvv.vviley.com/go/instructor/anatomy 
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lntroductíon 

The hunnan body eonsists of around 50 trillion to 106 trillion individual structural vvorking 
units ealled eells (Marieb and Hoehn, 2008). Cells vvork together to ensure that homeostasis 
is maintained. Cells eome in many different shapes, sizes and life spans; hovvever, they ean 
be eategorised depending on their structure and functions. A group of eells that have a 
similar structure and function are ealled tissue, and vvithin the human body there are four 
distinet types of tissue. Cells that provide a eovering for organs and structures, for example, 
are referred to as epithelial tissue, vvhereas eells that provide support for structures are 
ealled eonneetive tissue. Cells that govern body movement are muscle tissue, and eells that 
help eontrol homeostasis are nervous tissue. Most organs of the body eontain a seleetion of 
all four tissue types. The heart for example, eontains muscle tissue, is eontrolled by nervous 
tissue, lined by epithelial tissue and supported by eonneetive tissue. Tissue also has the 
eapaeity to repair itself. This ehapter examines all four types of tissue and the proeess of 
tissue repair. 

Epìthelíal tìssue 

Epithelial tissue is essentially a sheet of eells that eovers an area of the body. Epithelial tissue 
eovers or lines body surfaces (i.e. skin), or it lines the vvalls and the organs vvithin body eavities. 
The major role of epithelial tissue is as an interfaee; indeed, nearly all the substances absorbed 
or seereted by the body must pass through epithelial tissue. Broadly speaking, epithelial tissue 
has six main functions: 

absorption 

• proteetion 

• excretion 

• seeretion 

• filtration 

• sensory reeeption. 

Not all epithelial tissue earries out all six functions. In many areas of the body epithelial tissue 
speeialises in just one or tvvo functions. Epithelial tissue in the digestive system, for example, 
speeialises in absorption of nutrients, vvhereas epithelial tissue vvithin skin provides a proteetive 
layer. 

Epithelial tissue eells are elosely bonded together in continuous sheets, vvhieh have an 
apieal and a basal surface. The apieal surface faees outvvards, tovvards the exterior of the 
organ it eovers. Apieal surfaces ean be smooth, but most have hair-like extensions ealled 
mierovilli. Mierovilli dramatieally inerease the surface area of the epithelial tissue and therefore 
inerease its ability for absorption and seeretion. Some areas, vvithin the respiratory traet for 
example, possess larger hair-like extensions ealled eilia, vvhieh are also eapable of propelling 
substances. Lying elose to the basal surface is a thin sheet of glyeoproteins that aets as a 
seleetive filter, governing vvhieh substances ean enter epithelial tissue. Epithelial tissue is 
innervated by neurones, but it has no blood supply as such. Rather than being served by a 
netvvork of eapillaries, epithelial tissue reeeives a supply of nutrients from nearby blood 
vessels. Ovving to its proteetive role, epithelial tissue needs to endure a great deal of abrasion 
and environmental damage, and epithelial eells need to be very hardy and tough.This hardi- 
ness is generated by their ability to divide and regenerate rapidly, resulting in the svvift 
replaeement of damaged epithelial eells. Hovvever, this regenerative eapaeity is reliant upon 
a plentiful supply of nutrients. 
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Epithelial tissue ean be eategorised into the follovving three distinet types: 

• sinnple 

• stratified 

• glandular. 

Simple epithelium eonsists of a single layer of eells bound into a continuous sheet. Stratified 
epithelium is also arranged into a continuous sheet but is thieker vvith numerous layers of eells. 
Glandular epithelium forms the glands of the body. 

All epithelial eells have six sides; indeed, under a mieroseope a eross-seetion of epithelial 
tissue looks like a honeyeomb. Epithelial eells ean be subdivided further into the follovving three 
different six-sided shapes: 

• cuboidal 

• columnar 

• squamous. 

As their names suggest cuboidal and columnar epithelial eells are square and tall respeetively, 
vvhereas squamous epithelial eells are rather flat and sealy (see Figure 4.1). When examining the 
many different types of epithelial eell it is easy to vvork out its size and shape by its name. 
For instanee, simple squamous epithelium is thin, flat and seale-like. 

Símple epithelium 

Because simple epithelia eonsist of a single cellular layer it speeialises in absorption, seeretion 
and filtration ratherthan proteetion. 

Sìmple squamous epìthelìum is quite often very permeable and is found vvhere the diffusion 
of nutrients is essential. Gapillary vvalls, the alveoli of the lungs and the glomeruli in the kidneys 
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Fìgure 4.1 Epithelial tissue is elassifìed by shape and depth. Source: Tortora and Derriekson (2009). 
Reproduced vvith permission of John Wiley & Sons. 
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are all lined with simple squamous epithelium, which faeilitates the rapid diffusion of nutrients. 
Simple squamousepithelium isalsofound within the heart and blood and lymph vessels. Simple 
squamous epithelium found within the heart and blood and lymph vessels is ealled endothelium 
(see Figure 4.2). 
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Fìgure 4.2 (a-e) Simple squamous epithelium forms the endothelial layer of blood vessels. Soi/ree:Tortora 
and Derriekson (2009). Reproduced with permission of John VViley &Sons. 
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Sìmple cuboìdal epìthelìum speeialises in seeretion as well as absorption. Simple cuboidal 
epithelium is found in the lining of the ovaries, the kidney tubules and the ducts of smaller 
glands. It also forms part of the seeretory portions of glands such as the thyroid and panereas 
(see Figure 4.3). 

Sìmple columnar epìthelìum ean be eiliated or non-eiliated. As its name suggests, eiliated 
simple columnar epithelium has eilia on its apieal surface. It is found in areas of the body where 
movement of fluids, mucus or other substances is required. Giliated simple columnar epithelial 
tissue, for example, lines the passageways of the eentral nervous system and helps propel eere- 
brospinal fluid. It also lines the Fallopian tubes and helps move ooeytes reeently expelled from 
the ovaries (see Figure 4.4). A eommon loeation for non-eiliated simple columnar epithelium is 
the lining of the digestive traet from the stomaeh to the rectum (see Figure 4.5). Non-eiliated 
simple columnar epithelium performs two broad functions. Some possess mierovilli, greatly 
inereasing their surface area for absorption; others speeialise in the seeretion of mucus. Such 
eells are referred to as goblet eells owing to their cup-like shape. Simple columnar epithelial eells 
are generally of equal size. However, in some instanees simple columnar epithelial eells vary in 
height with only the tallest reaehing the apieal surface.This gives the illusion that the tissue has 
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Fìgure 4.3 Simple cuboid epithelium forms part of the seeretory portion of the panereas. 
Source: Tortora and Derriekson (2009). Reproduced with permission of John Wiley & Sons. 
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Fìgure 4.4 Ciliated simple columnar epithelium lines the Fallopian tubes. Source: Tortora and 
Derriekson (2009). Reproduced with permission of John Wiley & Sons. 
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Fìgure 4.5 Non-eiliated colunnnar epitheliunn lines the digestive traet. Source :Tortora and Derriekson 
(2009). Reproduced with permission of John Wiley & Sons. 
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Fìgure 4.6 Pseudostratified eiliated columnar epithelium lines the traehea. Source: Tortora and 
Derriekson (2009). Reproduced with permission of John Wiley & Sons. 


many layers, like stratified epithelium. Such examples of columnar epithelial tissue are ealled 
pseudostratìfìed columnar epìthelìum. Pseudostratified columnar epithelium is found wlthin 
the lining of the male reproductive system; however, the most eommon loeation is the lining of 
the respiratory traet (see Figure 4.6). 

Stratified epitheiium 

Llnlike simple epithelia, stratified epithelia have many layers. The eells regenerate from below, 
with new eells dividing on the basal layer pushing the older eells towards the surface. As strati- 
fied epithelium is thieker, its prineipal function is proteetion. 

Stratìfìed squamous epìthelìum is the most eommon stratified epithelium and forms the 
external part of skin (see Ghapter 17). Stratified squamous epithelial tissue is keratinised, 
toughened by the presenee of keratin, a speeial tough fibrous protein. Non-keratinised stratified 
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Fìgure 4.7 Non-keratinised stratified squannous epithelial tissue lines the vagina. Source: Tortora and 
Derriekson (2009). Reproduced with permission of John Wiley & Sons. 
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Seetional view of stratified cuboidal epithelium 
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Fìgure 4.8 Cuboidal epithelial tissue is found in the oesophagus. Source: Tortora and Derriekson 
(2009). Reproduced with permission of John Wiley & Sons. 


squamous epithelial tissue lines wet areas of the body - the mouth, the tongue and the vagina 
for example (see Figure 4.7). Only the outer layers of stratified squamous epithelium are actually 
squamous in shape; the basal layers may be cuboidal or columnar. 

Stratìfìed cuboìdal epìthelìum is found in the oesophagus, sweat glands and in the male 
urethra (see Figure 4.8). Stratìfìed columnar epìthelìum, however, is quite rare. Small amounts 
ean befound in the male urethra and in the ducts of some glands. Another eommon example of 
stratified epithelium is transìtìonal epíthelìum, which may have both squamous and cuboidal 
eells in its apieal surface. The basal surface may eontain both cuboidal and columnar eells. 
Transitional epithelium ean withstand a great deal of streteh and is found in organs such as the 
bladder, which is subject to eonsiderable distension (see Figure 4.9). 
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Fìgure 4.9 Transitional epitheliunn lines the bladder and allovvs for distension. Source: Tortora and 
Derriekson (2009). Reproduced vvith permission of John Wiley & Sons. 


Glandular epithelia 

The glands of the body are formed by glandular epithelia. All glands are elassified as endoerine 
or exocrine. Glands that seerete their products internally are ealled endoerine glands. Endoerine 
glands release hormones, regulatory ehemieals for use elsevvhere in the body (see Ghapter 15). 
Exocrine glands release their products onto the surface of epithelial tissue. Exocrine glands are 
either unicellularor multicellular. Unicellular exocrine glands eonsist of a single eell type and the 
main example is the goblet eell, vvhieh releases a glyeoprotein ealled mucin. Onee dissolved in 
vvater mucin forms mucus, vvhieh lubricates and proteets surfaces. l\/lulticellular exocrine glands 
are far more complex, eoming in several shapes and sizes. Some exocrine glands are simple and 
eonsist of a single branehed duct vvhereas others are more complex vvith multibranched ducts 
(see Figure 4.10). Hovvever, they all eontain tvvo distinet areas: an epithelial duct and seeretory 
eells (acinus). Exocrine glands that are tubular in shape ean be found vvithin the digestive system 
and stomaeh. Other exocrine glands are spherieal and referred to as alveolar or aeinar. The oil 
glands vvithin skin and mammary glands are tvvo examples of spherieal- or aeinar-shaped 
exocrine glands. Glands that are both tubular and aeinar are referred to as tubulacinar. 
The salivary glands, for example, are tubulacinar. 


Gonneetìve tìssue 

Gonneetive tissue is the most abundant tissue in the human body. Its main functions are to bind 
tissues together, reinforeement insulation, proteetion and support. All epithelial tissue is 
reinforeed by the eonneetive tissue base it rests upon (see Figure 4.11). There are four types of 
eonneetive tissue: 

s eonneetive tissue proper 

• eartilage 

• bone 

• liquid eonneetive tissue. 

Gonneetive tissue is not present on body surfaces and, unlike epithelial tissue, is highly 
vascular and reeeives a rieh blood supply. 
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Fìgure 4.10 Exocrine glands elassified by shape, with exannples of loeation. Source: Tortora and 
Derriekson (2009). Reproduced with permission of John Wiley & Sons. 

The following types of eell are present in eonneetive tissue 

• adipoeytes 

• primary blast eells 

• maerophages 

• plasmaeells 

• masteells 

• leucocytes (white blood eells). 

Adipoeytes are fat eells. Within eonneetive tissue adipoeytes store triglyeerides (fats). Primary blast 
eells continually seerete ground substance and produce mature eonneetive tissue eells. Eaeh type of 
eonneetive tissue eontains its own unique primary blast eells (seeTable 4.1). Maerophages, plasma 
eells and white blood eellsform part ofthe body's immunesystem.Theirfunctions are asfollows: 

• Maerophages engulf invading substances and plasma eells produce antibodies. 

• White blood eells are not normally found in signifieant numbers within eonneetive tissue; 
however, they do migrate into eonneetive tissue during inflammation. 

• Mast eells produce histamine, which promotes vasodilatation during the body's inflammatory 
response. 
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Fìgure 4.11 Gonneetive tissue reinforees epithelial tissue. Source: Tortora and Derriekson (2009). 
Reproduced with permission of John Wiley & Sons. 


Table 4.1 The major primary blast eells and their eonneetive tissue type 


Gonneetive tíssue type 

Primary blast eell 

Gonneetive tissue eell 

Connectivetissue proper 

Fibroblast 

Fibroeyte 

Gartilage 

ehondroblast 

ehondroeyte 

Bone 

Osteoblast 

Osteoeyte 


Gonneetive tissue eells are surrounded by a eolleetion of substances referred to as the extracellular 
matrix.The function of the extracellular matrix is to ensure that eonneetive tissue ean bear weight 
and withstand tension, abuse and abrasion. As a result eonneetive tissue ean eope with stresses and 
strains other tissues would not be able to tolerate.The two main elements of extracellular matrix are: 

• ground substance 

• fibres. 

Ground substance: This eonsists of interstitial fluid, eell adhesion proteins and glyeoami- 
noglyeans. Cell adhesion proteins aet as eonneetive glue, keeping the tissue eells together. 
Glyeoaminoglyeans trap water and ensure ground substance has a jelly-like constitution. The 
higher the amount of glyeoaminoglyeans present the harder the ground substance will be. 
Fibres:There are three types of fibre found within extracellular matrix: 

eollagen 

elastie 

reticular. 
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Fìgure 4.12 Constituents of eonneetive tissue. Source: Tortora and Derriekson (2009). Reproduced 
with permission of John Wiley & Sons. 


eollagen fìbres are the most abundant fibre found within the extracellular matrix and are 
essentially the protein collagen.Collagen is very tough; indeed,collagen fibresare strongerthan 
similar-sized steel fibres (Marieb and Hoehn, 2008). Retìcular fìbres are much thinner but also 
eontain bundles of eollagen. They provide support and strength and are found in greater 
numbers in soft organs such as the spleen and lymph nodes. Elastìe fìbres eontain the rubber- 
like protein ealled elastin, which faeilitates streteh and reeoil. Elastie fibres are found in greater 
numbers in tissue that has to endure streteh, such as skin and blood vessel walls (see Figure4.12). 

Gonneetive tissue proper 

Aside from eartilage, bone and blood, all eonneetive tissue belongs to this elass. Connective 
tissue proper is subdivided further into 

• looseconnectivetissue 

• denseconnectivetissue. 

Loose eonneetive tissue eontains fewer fibres than dense eonneetive tissue (seeTable 4.2). 

Loose eonneetìve tissue 

There are three types of loose eonneetive tissue: 

• areolar 

• adipose 

• reticular. 

Areolar is the most abundant loose eonneetive tissue. It eontains all three fibres (eollagen, 
elastie and reticular) and its primary functions are support elastieity and strength. Areolar tissue 
is eombined with adipose tissue to form the subcutaneous layer, which eonneets skin with other 
tissues and organs. 

Adìpose tissue eontains adipoeytes, whose primary function is to store triglyeerides 
(fat). The primary functions of adipose tissue are to provide insulation, proteetion and an 
energy store. 
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Table 4.2 Types of eonneetive tissue proper, their main constituents, functions and loeations 


Gonneetíve tíssue Maín constítuent Functíons IVIaín loeatìons 


Loose areolar 

Gollagen, elastie, 
reticular fibres 

Loose adipose 

Adipoeytes 

Loose reticular 

Reticular fibres 

Reticular eells 

Dense regular 

Gollagen fibres in 
parallel 

Dense irregular 

Gollagen fibres 
arranged randomly 

Dense elastie 

Elastiefibres 


Strength 

Elastieity 

Support 

Subcutaneous layer beneath skin 

lnsulation 

Subcutaneous layer beneath skin 

Proteetion 

Tissue surrounding heart and kidneys 

Energy store 

Padding around joints 

Support 

Liver 

Filtration 

Spleen 

Lymph nodes 

Strength 

Tendons 

Support 

Ligaments 

Strength 

Skin 

Heart 

Tissue surrounding bone 

Tissue surrounding eartilage 

Streteh 

Lung tissue 

Arteries 


Retìcular tissue only eontains reticular fibres. Its main function is to form a proteetive frame- 
work or stroma that surrounds the liver, spleen and lymph nodes. VVithin the spleen, reticular 
eonneetive tissue ean also filter blood, assisting with the removal of old blood eells. 

Dense eonneetive tissae 

Dense eonneetive tissue eontains more eollagen or elastie fibres. Dense eonneetive tissue that is 
made primarily from eollagen is said to be either regular or ìrregular depending on the organisa- 
tion of the eollagen fibres. Dense regular eonneetive tissue eontains eollagen fibres that are 
arranged in parallel rows. It has a silvery appearanee and is both tough and pliable. Dense, irregular 
eonneetive tissue is found in ligaments and tendons. Its eollagen fibres are randomly arranged but 
elosely knitted together. Dense irregular tissue ean withstand pressure and pulling forees and is 
found in skin and the heart as well as the membranes that surround eartilage and bone. Dense 
elastie eonneetive tissue eonsists of elastie fibres. Dense elastie eonneetive tissue is found in areas 
of the body that have to withstand great amounts of streteh, such as arteries and lung tissue. 

eartílage 

Gartilage eontains a eompaet network of eollagen fibres and is stronger than both loose and 
dense eonneetive tissue. It has the ability to return to its original shape after stress and movement. 
Its strength and resilienee are provided by a gel-like substance ealled ehondroìtìn sulphate, 
which is found in eartilage ground substance. Gartilage is surrounded by a layer of dense 
irregular tissue ealled perìchondrìum. Perichondrium is the only area of eartilage that is served 
by blood and nervous tissue. There are three types of eartilage: 

® hyaline 
* fibroeartilage 
elastie. 
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Hyalìne eartilage is the most eommon eartilage in the human body. It mainly eomprises 
eollagen fibres with eartilage eells, with ehondroeytes accounting for around 10% of its volume. 
The eollagen fibres are so fine they are almost invisible, giving hyaline eartilage a bluish 
appearanee. Because hyaline eartilage is both strong and flexible it ean aet as a shoek absorber, 
reducing frietion around joints. Hyaline eartilage is also found in the rib eage and airways. 

Elastìe eartilage is almost identieal to hyaline eartilage.The major differenee between hyaline 
and elastie eartilage is the greater presenee of elastie fibres. Elastie eartilage ean withstand 
greater movement and bending and isfound in areas of the body where stretehability is required, 
the outer ear for example. 

Fìbroeartìlage is the strongest of the three eartilages. Its strength is provided by rows of ehon- 
droeytes and eollagen. Because it ean withstand great pressure it is found where hyaline eartilage 
meets tendons or ligaments, between the dises of the vertebrae for example (see Figure 4.13). 
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Bone 

Along with eartilage, bones make up the human skeletal frame. Bone is similar to eartilage but 
eontains even greater amounts of eollagen. For this reason bone is harder and more rigid, 
faeilitating greater proteetion and support for body structures. However, unlike eartilage, bone 
reeeives a rieh supply of blood. Bone also stores fat and plays an important role in the production 
of blood eells. A more detailed examination of bones ean be found in Ghapter 5. 

Lìquid eonneetíve tíssue 

Gonneetive tissue that has a liquid extracellular matrix includes: 

blood 

lymph. 

Blood and lymph are said to be atypieal eonneetive tissues because, strietly speaking, they do 
not eonneet tissues or provide meehanieal support. The extracellular matrix of blood is plasma. 
Blood eells include erythroeytes, leucocytes and platelets. Blood and plasma perform many 
important functions. For a detailed explanation of blood, see Ghapter 7. Lymph has a elear extra- 
cellular matrix very similarto plasma.The primary function of lymph is defenee against invading 
pathogens. A more detailed exploration of lymph ean be found in Ghapter 16. 


Membranes 

Membranes are sheets of tissue that eover or line areas of the human body. Structurally, 
membranes eonsist of an epithelial tissue layer that is bound to a basement layer of eonneetive 
tissue.There are four major types of membrane: 

• cutaneous 
mucous 
serous 
synovial. 


Cutaneous membranes 

The prineipal example of a cutaneous membrane is skin. It eonsists of an outer stratified 
squamous epithelial layer, which sits on top of a thiek layer of dense irregular eonneetive tissue. 
ehapter 17 is dedieated to the functions and structure of skin. 
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Fìgure 4.13 Where eartilage is found vvithin the body. Source: Jenkins et al. (2007). Reproduced vvith 
permission of John Wiley & Sons. 


Mucous membranes 

l\/lucous membranes line the external surfaces of body eavities. Examples include hollovv 
organs of the digestive traet, the respiratory system and the renal system. All mucous 
membranes are vvet or moist but not all seerete lubricating mucus.The mucous membranes 
of the renal system, for example, are vvet due to the presenee of urine. Most mucous 
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membranes eontain stratified squamous or simple columnar epithelium supported by a layer 
of eonneetive tissue referred to as lamìna proprìa. 

Serous membranes 

Serous membranes or a serosa eover internal body eavities. They eonsist of areolar eonneetive 
tissue that is eovered by a speeial kind of simple squamous epithelium ealled mesothelìum. 
l\/lesothelium seeretes a vvatery substance referred to as serous fluid, vvhieh allovvs organs to 
slide against one another vvith ease. Serous membranes eonsist of an outer or parìetal layer and 
an inner or vìseeral layer. The largest example is the peritoneum, vvhieh lines the organs of the 
abdominopelvie eavity.The proteetive lining of the lungs, the parietal and viseeral pleura, pro- 
vides another example of an important serous membrane.The parietal and viseeral pleura glide 
over one another vvhen the thorax expands on inspiration. 

Synovìal membranes 

Llnlike serous, mucous and cutaneous membranes, synovial membranes do not eontain any 
epithelial tissue. Synovial membranes are mainly found in moving joints and eonsist of areolar 
eonneetive tissue, adipoeytes, and elastie and eollagen fibres. They seerete synovial fluid, vvhieh 
bathes, nourishes and lubricates the joints. Synovial fluid also eontains maerophages, vvhieh destroy 
invading mierobes and remove debris from the joint eavity. Synovial membranes are also found in 
cushion-like saes in the hands and feet that ease the movement of tendons (see Figure 4.14). 
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Fìgure 4.14 Synovial membranes fìll joint eavities. Source: Tortora and Derriekson (2009). 
Reproduced vvith permission of John Wiley & Sons. 


eiinieal eonsiderations 

Peritonitis 

Peritonitis is the inflammation of the peritoneum, the serous membrane that lines both the 
digestive organs and the vvall of the abdominopelvie eavity. The causes of peritonitis are either 
ehemíeal or baeteríal. Ghemieal peritonitis results from damage to neighbouring structures; that 
is, a piereing vvound or ulcer that leaks digestive juices into the peritoneum. Baeterial peritonitis 
results from the direet eontamination of the peritoneum; that is, a burst appendix or perforated 
bovvel. If left unaddressed, ehemieal peritonitis vvill lead to baeterial peritonitis. 

Peritonitis is an acute medieal emergeney and is assoeiated vvith high mortality. Survival rates 
have inereased sinee the use of prophylaetie antibioties (Lavvrenee et al., 2003; Gould, 2014). 
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Pneumothorax 

A pneunnothorax or eollapsed lung occurs when air accunnulates in the pleural eavity, the small 
spaee between the viseeral and parietal pleura. It most often occurs as the result of trauma but ean 
also occur in ehronie lung disease. In a small number of eases the pleura separate spontaneously 
due to a eongenital defeet. In small pneumothoraces the lungs will reinflate over time, but large 
pneumothoraces are potentially life threatening. Chest drains are often inserted to remove the air 
from the pleura and allow the lungs to reinflate (Ryan, 2005; Sullivan, 2008). 


Muscle tíssue 

l\/luscle tissue eontains long muscle fibres whose primary function is to generate foree. Mosele 
tissue is found where there is a need for movement and maintenanee of posture. Muscle is 
elassified in three ways: 

' skeletal 
‘ smooth 
eardiae. 

Skeletal muscle is found adjaeent to the skeleton and its function is twofold: the movement 
of the skeleton and the maintenanee of body posture.The structure of the muscle fibres within 
skeletal muscle gives a striped or strìated appearanee. Skeletal muscle is also voluntary, meaning 
its movement ean be eontrolled by conscious eontrol (see Figure 4.15). 
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Fígure 4.15 The major muscle types with examples of their loeation: (a) skeletal muscle; (b) eardiae 
muscle; (e) smooth muscle. Source: Tortora and Derriekson (2009). Reproduced with permission of 
John Wiley & Sons. 
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Fìgure 4.15 (Continued) 


Smooth muscle, on the other hand, is both involuntary and non-strìated. Smooth muscle is 
found in hollovv internal structures vvhere fluid or solid substances need to be propelled from 
one area to another. Smooth muscle is found in blood vessels, vvhere blood is propelled through 
the vascular system, and the gastrointestinal traet vvhere ehyme is moved from the stomaeh 
through the intestines tovvards the rectum. 
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eardìae nriuscle nnuscle is striated, but it is also involuntary. As its name suggests, eardiae 
muscle is only found in the heart and provides the driving foree of eontraetion. A more detailed 
examination of muscle ean be found in Ghapter 6. 
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Nervous tissue 

Nervous tissue is found vvithin the nervous system (see Ghapter 13). There are tvvo types of 
nervous tissue eells: 


• neurones 

• neuroglia. 

Neurones are the functioning unit of the nervous system.They eonsist of three basie parts: 
the eell body, an axon and dendrites (see Figure 4.16).Their primary function is the propagation 
of nerve signals vvithin the eentral and peripheral nervous systems. 

Neuroglia do not propagate nerve signals; rather, they nourish, proteet and support neurones. 


Tissue repair 

Tissue repair occurs in order to replaee eells that are damaged, vvorn out or dead. Eaeh of the 
four tissue types has the eapaeity to regenerate and replaee eells injured by trauma, disease or 
other events. Hovvever, the tissue types have differing success rates. Because epithelial eells have 
to vvithstand large amounts of vvear and tear they have great eapaeity for renevval. Epithelial 
tissue often eontains immature eells ealled stem eells, vvhieh ean divide and replaee lost eells 
easily. Most eonneetive tissue also has great eapaeity for renevval; hovvever, ovving to the laek of 
blood supply, eartilage ean take a long time to heal. 

Muscle and nervous tissue by eomparison have poor regeneration properties. Skeletal muscle and 
smooth muscle fibres divide very slovvly, and mitosis does not occur in eardiae muscle tissue. Stem 
eells migrate from blood to the heart vvhere they divide and produce a small number of nevv eardiae 
muscle fibres. Nervous tissue does not normally undergo mitosis to replaee damaged neurones. 

Tissue repair involves the proliferation of nevv eells, vvhieh stem from eell division in the paren- 
ehyma (tissue eells/organ eells) orfrom the stroma (supporting eonneetive tissue).The replenishing 
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Fìgure 4.16 An example of nervous tissue. Source: Tortora and Derriekson (2009). Reproduced vvith 
permission of John Wiley & Sons. 
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of tissue by parenehymal and stroma eells is ealled regeneratìon. If parenehymal eells are solely 
responsible for tissue repair, then a near-perfeet regeneration may occur. If fibroblasts from stroma 
are involved in tissue repair, new eonneetive tissue is generated to replaee the damaged tissue.This 
new eonneetive tissue, primarily eonsisting of eollagen, is referred to as sear tìssue. The proeess of 
scartissue generation is ealled fìbrosìs. Llnlike eells regenerated from parenehymal eells, sear tissue 
eells are not designed to perform the original functions of the damaged eells.Therefore, any organ or 
structure with sear tissue will have impaired function. 

In open or large wounds granulatìon occurs. Granulation deseribes the formation of 
granulation tissue, which eovers the healing tissue and seeretes baeterial fluid. During this 
proeess both parenehymal and stromal eells are aetive in the repair. Fibroblasts provide new 
eollagen tissue to strengthen the area, and new blood eapillaries sprout new buds and bring 
the neeessary nutrients to the area. 
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Diabetie foot ulcers 

Between 12 and 25% of diabetie patients develop leg and foot ulcers.This is because diabetes ean 
cause maeroangiopathy, which obstructs blood flow in large arteries. The slower flow of blood 
through the arteries in legs results in the development of leg and foot ulcers. Diabetie patients also 
experience lengthy reeovery times from leg and foot injuries.The laek of blood flow also reduces the 
tissue's ability to fìght off infeetion. Diabetie patients are therefore at inereased risk of developing 
gangrene and amputation (Gavanagh etal., 2005; Gould, 2014). 


Conclusíon 

All human eells ean be eategorised into four elassifieations: epithelial tissue, eonneetive tissue, 
muscle tissue and nervous tissue. Epithelial tissue eovers or lines structures and organs. It spe- 
eialises in absorption, seeretion, proteetion, excretion, filtration and sensory reeeption. Almost 
every substance that passes in and out of the body travels through epithelial tissue. Gonneetive 
tissue not only eonneets tissues, it also proteets, supports and insulates them. Gonneetive tissue 
is dense and strong; examples include eartilage and bone. l\/luscle tissue provides movement 
and posture, whereas nervous tissue forms the major part of the nervous system. Tissue has the 
ability to regenerate and renew itself; however, epithelial and eonneetive tissues have a greater 
eapaeity for repair than other tissues. 





ossary 


Abdomìnopelvìe eavìty Body eavity that eneompasses the abdominal and pelvie eavities. The 
abdominal eavity eontains the stomaeh, intestines, spleen, liver and other assoeiated digestive organs. 
The pelvie eavity eontains the bladder and some reproductive organs. 

Apíeal surface Surface of body organ that faees outwards, towards the surface. 

Avascular Structure that does not eontain blood vessels. 


Basal surface Surface that forms the base of a body organ. 
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Gartìlage Strong form of eonneetive tissue that eontains a dense netvvork of eollagen and elastie 
fibres. 

ehyme A fluid substance eonsisting of partially digested food and digestive enzymes, vvhieh is 
found travelling through the digestive traet. 

eonneetìve tìssue Tissue that binds, reinforees, insulates, proteets and supports structures. 

Dìffusíon The movement of partieles from areas of high eoneentration to lovv eoneentration. 

Endoerìne gland Glands that release hormones. 

Epìthelìal tìssue Tissue that lines or eovers body surfaces. 

Exocrìne glands Glands that seerete their products externally (i.e. mucus, svveat). 

Extracellular matrìx A eolleetion of largely non-living substances that separate the living eells of 
eonneetive tissue. 

Gland A structure that manufactures a product (e.g. hormones, mucus, svveat). 

Glyeoproteíns Speeial proteins that eontain simple sugar ehains. Glyeoproteins play an important 
role in eell-to-eell communication. 

Hormones Regulatory ehemieals released by endoerine glands for use elsevvhere in the body (e.g. 
thyroxine, insulin). 

Innervated (ìnnervate) Stimulated by nerve eells. 

Interstìtìal fluìd The fluid that bathes eells. 

Keratín A speeial tough fibrous protein found in skin. 

Lymph nodes Small lymphatie structures that filter lymphatie fluid. 

Maerophages White blood eells that speeialise in the destruction and consumption of invading 
pathogens. 

Membrane A sheet of tissue that eovers or lines an area of the body. 

Mìtosìs The division and replieation of eells. 

Neuroglìa Gells of the nervous system that support and nourish neurones. 

Neurone A nerve fibre. 

Parenehyma The eells that constitute the function part of an organ. 

Prophylaetìe antìbíotíes Antibioties preseribed to prevent infeetion. 

Ooeytes Female reproductive eell. 

Spleen Large lymph organ, responsible for production of lymphoeytes, immune response and the 
eleansing of blood. 

Stroma The internal framevvork of an organ. 

Subcutaneous Llnderneath the skin. 

Vertebrae The dise-shaped bones that make up the spinal column. 
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Aetìvìtìes 

IVIultiple ehoíee questions 

1. Which of the follovving epithelial tissues has a single layer of square-shaped eells? 

(a) pseudostratified colunnnar epitheliunn 

(b) eiliated simple columnar epithelium 
(e) simple cuboidal epithelium 

(d) stratified cuboidal epithelium 

2. Which of the follovving is not a function of simple epithelium? 

(a) proteetion 

(b) seeretion 

(e) absorption 

(d) filtration 

3. What is the primary function of transitional epithelium? 

(a) absorption 

(b) streteh 

(e) seeretion 

(d) proteetion 

4. Which fibres ensure that eonneetive tissue is strong and tough? 

(a) eollagen fibres 

(b) reticularfibres 

(e) elastiefibres 

(d) plasmafibres 

5. Which of the follovving eonneetive tissues stores triglyeerides? 

(a) areolartissue 

(b) adipose tissue 

(e) dense regular eonneetive tissue 
(d) reticular tissue 

6 . Which of the follovving statements on eartilage is true? 

(a) fibroeartilage is found vvithin the ears 

(b) elastie eartilage is almost identieal to fibroeartilage 







ehapter 4 


1 


Tissue 



116 


(e) hyaline eartilage is the most abundant in the human body 

(d) the vveakest eartilage tissue is fibroeartilage eartilage 

7. Blood is an exannple of_eonneetive tissue. 

(a) liquid 

(b) loose 

(e) avascular 

(d) dense 

8 . Which of the follovving areas does not eontain nnucous membranes? 

(a) the urinary traet 

(b) the respiratory system 

(e) the pericardium 

(d) thedigestivetraet 

9. Smooth muscle is both: 

(a) involuntary and striated 

(b) involuntary and non-striated 

(e) voluntary and striated 

(d) voluntary and non-striated 

10. Sear tissue is generated by: 

(a) fibroblasts 

(b) osteoblasts 

(e) stem eells 

(d) parenehymal eells 


True or false 

1. Simple epithelial eonsists of a single layer of eells. 

2. Simple squamous epithelial tissue provides tough proteetion. 

3. Cuboidal eells are flat and sealy in appearanee. 

4. Transitional epithelium may have both cuboidal and columnar eells in its apieal surface. 

5. The glands of the body are formed by glandular epithelium. 

6 . Gonneetive tissue is the most abundant tissue in the human body. 

7. There are five types of loose eonneetive tissue. 

8 . Elastie eartilage is the most eommon eartilage in the human body. 

9. Skin is a good example of a cutaneous membrane. 

10. Skeletal muscle is both striated and voluntary. 


Label the diagram 1 

Label the diagram using the follovving list of vvords: 

Arrangement of layers, Simple, Pseudostratifìed, Stratifìed, Basement membrane, Cell shape, 
Squamous, Cuboidal, Columnar, Basement membrane 
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Label the diagram 2 

Label the diagram using the follovving list of vvords: 

Duct Seeretory portion, Simple tubular, Simple branehed tubular, Compound tubular, Simple 
branehed aeinar, Compound aeinar, Compound tubuloacinar 
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Aeross: 

1. Epithelial tissue that eonsists ofa single 
layer of square-shaped eells (6,8). 

3. Type of loose eonneetive tissue (9). 

5. Bone eells (11). 

8 . Forms a substantial part of the 
extracellular matrix (6,9). 

11. Type of dense eonneetive tissue (7). 

13. Most abundant type of eartilage (7). 

14. _eonneetive tlssue ean beregular, 

or irregular (5). 

15. Major constituent of bone (8). 


Down: 

1. Type of muscle (8). 

2. Word that deseribes single-layered epithelial 
tissue that eontains different shaped eells (16). 

4. Fat tissue (7). 

6. Word used to deseribe multilayered 
epithelial tissue (10). 

7. _membranes have wet or moist 

surfaces (6). 

9. _membranes eover organs that lie 

within a eavity (6). 

10. Typeof connectivetissuethat is 
avascular (9). 

12. Areolar is an example of which type of 
eonneetive tissue (5). 
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Absorption, Squannous, Epitheliunn, Cuboidal, Glandular, Gonneetive, Gartilage, Bone, Blood, 
Gollagen, Fibres, Elastie, Areolar, Adipose, Hyaline, Membrane, Serous, Muscle 


Fill in the blanks 

Muscle tissue eontains _ muscle fìbres whose primary function is to generate 

_. It is found where there is a need for_and_._ 

muscle is found adjaeent to the skeleton and is said to be_or stripy in appearanee 

and_inaetion._muscle,ontheotherhandJs_and_. 

As its name suggests,_muscle is only found in the heart and provides the driving 

foree of_. 

smooth, voluntary, movement, skeletal, eontraetion, long, striated, foree, involuntary, eardiae, 
maintenanee of posture, non-striated 


Flnd out more 

1. One function of epithelial tissue is sensory pereeption - explore what this term means. 

2. What do you understand by the term eilia and what is their role in airway elearanee? 

3. Simple cuboidal epithelium is found in the ovaries and the tubules of the kidneys, what is the 
function of simple cuboidal epithelium in these organs? 

4. Stratified cuboidal epithelium is found within the oesophagus and sweat glands, what is the 
function of stratified cuboidal epithelium in these organs? 
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5. Discuss the differenees betvveen endoerine and exocrine glands. 

6 . Investigate the function of adipose tissue and explore its use as an energy store. 

7. Explore the medieal and nursing eare of patients vvith eartilage injuries. 

8 . What vvould the key nursing eare interventions be vvhen earing for a patient undergoing a 
blood transfusion? 

9. Discuss the role of the nurse and healtheare team in the eare of a patient vvith peritonitis. 

10. What is the role of the nurse and other healtheare professionals in the prevention of vvound 

infeetion? 






lan Peate 



Why is calciunn an innportant mineral in respeet to bone? 
What do you understand by the skeletal system? 

What are the functions of the skeletal system? 

• Why do babies have more bones than adults? 

- What makes bones so strong? 

• How does spongy bone differ from eompaet bone? 

• Gompare the appendicular and axial skeletons. 

What are the regions of the vertebral column? 

How many bones make up the cranium? 

What is synovial fluid and where is it found? 


Learning outcomes 

After reading this ehapter you will be able to: 

Discuss the function of the skeletal system 

• Deseribe the divisions of the skeleton 

• List the four general bone eategories 

• Discuss bone eomposition 
Deseribe the various joints 

Llnderstand the organisation of bone based on shape 


Fundamentals ofAnatomy and Physiology: For Nursing and Heaitheare Students, Seeond Edition, Edited by lan Peate and Moralitharan Nair. 
© 2017 John VViley & Sons, Ltd, Poblished 2017 by John VViley & Sons, Ltd, 

Stodent eompanion vvebsite: vvvvvv.vvileyfundamentalseries.com/anatomy 
lnstructor eompanion vvebsite: vvvvvv,vviley.com/go/instructor/anatomy 
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Bone 
Gartilage 



Joint 


lntroductìon 

Despite what seems to be a solid, dry, inert material, bone is in faet a complex living organism 
that is being reereated eonstantly; bone is metabolieally aetive. As old bone dies new bone is 
being rebuilt. There are a number of complex aetivities occurring as bone is destroyed and 
reformed. Bones are therefore living organs that are made up of a number of different tissues, 
and this includes bone tissue. 

The human skeleton, in eontrast to other skeletons, is built to move ereet as opposed to 
walking on all fours.The skeleton provides us with shape and the power to move, but it eannot 
do this in isolation. It needs many other systems of the body for it to function properly - for 
example, the nervous system and the muscles and for the body to move in its various and 
complex ways (the spine, for example, allows us to twist and bend); this is attributed to the joints 
and their ability to articulate. 

Like a house, the human body needs a framework, but the framework for the body is not 
made of wood and steel as is the ease with the house. The skeletal system is made up of bones, 
ligaments and tendons. The human skeleton is built to take the hard knoeks of life. It is an 
engineering wonder; for its weight bone is nearly as strong as steel. 

The skeleton produces blood eells. The bones also aet as storage areas for minerals, vital for 
blood elotting, nerve function and eontraetion of muscles.The bones begin to form in utero and 
continue to grow into adulthood. Bones develop from eartilage, so infants are born with large 
amounts of eartilageas well as having more bonesthan adults. Astheehild ages,the bones usually 
fuse together and the ehild ends up with the normal adult number of bones.The bones of babies 
are soft but as more minerals are deposited they beeome harder - this is known as ossifieation. 


The axíal and appendícular skeleton 

There are 206 named bones in the adult human skeleton. For elassifieation purposes the skeleton 
is divided into two parts: the axial skeleton and the appendicular skeleton. Both have their own 
purposes. 
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Table 5.1 The bones of the axial skeleton 


Structure 

Number of bones 

Skull 


Craniunn 

8 

Faee 

14 

Total 

22 

Hyoid 

1 

Auditory ossieles (bones) 

6 

Vertebral colunnn 

26 

Thorax 


Sternom 

1 

Ribs 

24 

Total 

25 

Total number of bones ín the axíal skeleton 

80 
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The axíal skeleton 

The axial skeleton forms the eentral axis of the body and eonsists of 80 bones. This part of the 
skeleton supports the head (including the bones in the ear), neek and the torso (this is also 
referred to as the trunk). It eonsists of the skull, the vertebral column, the ribs and the sternum. 
The 80 bones in the axial skeleton are noted in Table 5.1. 

The appendicular skeleton 

The bones of the appendicular skeleton are those bones of the upper and lower extremities - 
the arms and the legs as well as the bones that attaeh them to the axial skeleton. There are 
126 bones in the appendicular skeleton, and these bones are shown in Table 5.2. 

See Figure 5.1 depieting the human skeleton. 


Bone and íts functíons 

The skeletal system - and this includes the bones of the skeleton, the ligaments, eartilage and 
eonneetive tissues that provide stability or attaeh the bones - has a number of key functions: 

1 . provides support 

2 . enables movement 

3. stores minerals and lipids 

4. proteets the body 

5. produces blood eells. 

Support 

Apart from bone and eartilage, all body tissue is soft and without the skeleton the body would 
be jelly-like and would not be able to stand up. The way the bones are arranged provides the 
body with its shape/form.The skeletal system provides structural supportforthe body, providing 
a bony framework for the attaehment of soft tissues and organs. 
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Table 5.2 The bones of the appendicular skeleton 


Structure 

Number of bones 

Peetoral girdle 


eiaviele 

2 

Scapula 

2 

Total 

4 

Upper limbs 


Humerus 

2 

Ulna 

3 

Radius 

4 

Garpals 

16 

Metaearpals 

10 

Phalanges 

28 

Total 

60 

Pelvie girdle 


Pelvie bone 

2 

Lower limbs 


Femur 

2 

Patella 

2 

Fibula 

3 

Tibia 

3 

Tarsals 

14 

Metatarsals 

10 

Phalanges 

28 

Total 

60 

Total number of bones in the appendicular skeleton 

126 

Total number of bones in the adult human skeleton 

206 



Bone sean 

Radionuclide seans ean deteet abnormalities such as fractures, bone infeetions, arthritis, riekets 
and tumours that have metastasised, and other diseases. 

A bone sean involves the intravenous injeetion into a peripheral vein of a very small amount of 
radioaetive material (radiotraeer).The substance travels through the bloodstream to the bones and 
organs. As it deeays, it emits a small amount of gamma radiation that is deteeted by a eamera 
(gamma eamera) that slovvly seans the body. When the traeer has eolleeted in the target organ the 
area is seanned. 

Toevaluate metastatie bonedisease, imagesare taken aftera 3-to 4-h delay.Theseanning aspeet 
of the test lasts approximately 1 h.The seanner's eamera moves above and around the person, and 
the person may be required to ehange positions. 

Prior to the test the person is required to remove jevvelry and other metal objeets and to vvear a 
hospital govvn.The patient should inform the doetor or radiographer if they are or may be pregnant. 
The person should not take any medieine vvith bismuth in it for 4 days before the test. 
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VERTEBRAL 

COLUMN 


PELVie 

(HIP) 

GIRDLE 


(a) Anterior view 


(b) Posterior view 


Fìgure 5.1 The human skeleton (a) anterior view, (b) posterior view. Axial skeleton blue and 
appendicular skeleton white. Soi/ree:Tortora and Derriekson (2009). Reproduced with permission of 
John Wiley & Sons. 
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Movement 

The skeleton allovvs and enables movement.The bones aet as levers, providing the transmission 
of muscular forees. A number of bones ean (through leverage, eontraeting and pulling) ehange 
the extent and direetion of the forees generated by skeletal muscles, through the vvork of the 
tendons and the ligaments. These movements ean be very intrieate, such as the ability to vvrite, 
the ability to thread a needle (the eoordination of fine movement), to gross movement, such 
as the ability to ehange body posture. The skeleton vvith the interaetion of muscles permits 
breathing to occur. Movement beeomes possible through articulation. 


eiinieal eonsiderations 

Gout 

This is an acute inflammatory joint disease, an arthritis, resulting in an acute inflammatory state 
and tissue damage.The eondition is very painful. 

Gout is a disorder of metabolism vvhere uric aeid or urate accumulates in blood and tissues; 
vvhen supersaturated urate salts preeipitate they form needle-like erystals, occurring in eool, 
peripheral joints of the metatarsophalangeal joint of the big toe. 

The eondition ean be elassifìed into primary or seeondary gout subject to the cause of 
hyperuricaemia, occurring mainly in men aged 30-60 years vvho present vvith acute attaeks. It is 
often assoeiated vvith osteoarthritis in the older person. 

Gout affeets the upper and lovver limbs and ean present vvith painful, tophaceous deposits (there 
may be diseharge) in Heberden's and Bouchard's nodes. 

The majority of people (about 90%) vvith gout develop excess urate as a result of an inability to 
excrete adequate amounts of uric aeid in the urine. 

Overproduction of uric aeid occurs in disorders that cause high eell turnover, releasing 
purines. Cell death caused by ehemotherapy ean raise uric aeid levels, as ean excessive exercise 
and obesity. Causes of seeondary gout as a result of underexcretion of uric aeid include renal 
insufficiency, starvation or dehydration, some drugs and long-term abuse of aleohol (beer and 
spirits). 

There are a number of eomorbid eonditions related to a higher ineidenee of gout; for example, 
hypertension, diabetes mellitus, renal insufficiency, hypertriglyeeridaemia, hypereholesterolaemia, 
obesity and anaemia. Foods rieh in purines (anehovies, sardines, svveetbreads, kidney, liver and 
meat extracts) and consumption of fructose-rich foods and beverages are assoeiated vvith an 
inereased riskof gout. 


Storage 

Thebonesareeapableofstoringessential mineralssuchascalcium, magnesiumand phosphorus; 
calcium isthe mostabundant mineral in the human body.The bonealso hastheability to release 
stored minerals in responseto the body's demands;for example, vvhen the amount of calcium in 
the blood is high (a high eoneentration) the calcium ean be deposited in the bones. When 
calcium in the blood is lovv or it deereases, the bones give up calcium into the bloodstream. 
This ability to provide an internal homeostasis is regulated by hormones. Lipids are also stored 
in the yellovv marrovv of some bones; lipids are stored or released depending on the body's 
needs vvhen providing energy. 
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Proteetìon 

Bone, a rigid structure, proteets most of the soft tissues of the body and the internal organs; for 
example, the skull proteets the brain, the sternum and ribs proteet the lungs and heart, the 
spinal eord is proteeted by the vertebrae, the orbit proteets the eyes and the periosteum proteets 
the red bone marrovv. The pelvis shields and proteets the delieate internal abdominal digestive 
and reproductive organs. 

Snapshot 

Pathologieal fracture: Ann Di Silvestro 

Ann is a 72-year-old lady vvho vvas diagnosed vvith osteoporosis 8 years ago; she has remained fìt 
and healthy sinee diagnosis and has no other signifìeant medieal history. Ann vvas playing bovvls 
vvith a groupof herfriends reeently and vvhen assuming an upright position from bovvling suddenly 
experienced excruciating pain in her left hip; she vvas unable to bear vveight. A paramedie vvas 
ealled and noted shortening in the left leg and external rotation of the limb. It vvas assumed at this 
point that Ann had sustained a left intertroehanterie hip fracture; she vvas transferred to hospital. 

A pathologieal fracture occurs vvhen a bone breaks in an area that is vveakened by another 
disease proeess (in Ann's ease this vvas osteoporosis). Causes of vveakened bone include tumours, 
infeetion and some inherited bone disorders.There are many diseases and eonditions that ean lead 
to a pathologieal fracture. 

A pathologieal fracture usually occurs vvhen people are earrying out normal aetivities (Ann vvas 
playing bovvls); they may be doing very routine aetivities vvhen their bone suddenly fractures. 
The reason for this is the underlying disease proeess vveakens the bone to the point vvhere the 
bone is unable to perform its normal function. 

In treating Ann, both the fracture and the underlying proeess had to be eonsidered in order for 
her treatment to be safe and effeetive. In Ann's ease her fracture required the same treatment as a 
normal fracture.The underlying osteoporosis vvas also reassessed and her treatment plan amended. 


Productíon 

There are some bones in the body that produce red and vvhite blood eells; this is knovvn as 
haematopoiesis. Haematopoiesis mainly occurs in red bone marrovv. The red bone marrovv fills 
the internal eavity of most bones;yellovv bone marrovv ean also befound in some bones, butthis 
is made up mainly of fat. 


eiinieal eonsiderations 

Red bone marrow 

Llnderstanding the roleand function of bone marrovv ean aid the nurse helping people being eared 
for vvho may experience any eondition affeeting the bone marrovv or its production. 

Bone marrovv is a spongy material that fìlls the bones. There are tvvo types: yellovv and red. 
Red bone marrovv eontains eells ealled stems eells; these are early blood eells. In the healthy person 
these blood eells grovv and divide, providing the basis for the formation of nevv blood eells. 
Red bone marrovv is only found in eertain bones, for example, the pelvis, the sternum, the ends of 
the thigh and arm bones. 

(Continuecl) 
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Some eaneer drugs aet on the bone marrovv by slovving dovvn the production of blood eells by 
killing them off as they grovv and divide. Henee, some eaneer treatment drugs - ehemotherapy 
(and some biologieal therapies) - have the potential to help and to harm. 

When vvhite blood eells (the eells primarily responsible for fìghting infeetion), for example, are 
killed off, this means the person may be at risk of developing an infeetion. When the red eells are 
killed off (these are the eells that have a key role to play in transporting oxygen around the body) a 
person may experience anaemia.The platelets, the eells responsible for helping the blood to elot, 
are also formed vvithin the red bone marrovv. A disruption in the production of platelets ean also 
have health and vvell-being implieations for the person being eared for. The person may bruise 
easily, bleed more than they usually do, even from small cuts or grazes vvhen shaving for example, 
and experience nose bleeds (epistaxis). 

When earing for a person vvho has problems vvith the bone marrovv, for example, those vvith eaneer, 
the nurse must be avvare of the issues discussed above in order to provide safe and effeetive eare. 


Bone formatìon and growth (ossífìeatìon) 

The strength of bone eomes from the protein matrix, vvhieh provides it vvith resilienee and 
elastieity. This allovvs bone to give a little as it is eomes under pressure. Within the bone are a 
number of minerals that have been deposited there; these add to the strength of bone, 
proteeting it and supporting it as pressure and foree are applied. It is important to understand 
hovv bone develops, as this ean help understand its strengths and boundaries. 

By the end of the third month of pregnaney the skeleton of a foetus is eompletely formed 
(Rizzo, 2006). Most of the skeleton at this stage is primarily eartilage; the formation of bone 
takes plaee as the pregnaney develops. The proeess of bone formation is knovvn as ossifiea- 
tion. Bone formation takes plaee during various phases of a person's life. Tortora and 
Derriekson (2012) discuss four prineipal situations in a person's life vvhen bone formation 
occurs (seeTable 5.3). 

Embryoníe formatìon 

As the foetus develops, an embryonie skeleton is forming; at first this appears as mesenehyme, 
vvhieh is shaped similar to bones and in the sites vvhere ossifieation vvill take plaee. Bone 
formation at this stage goes through a number of stages and ehanges. Hyaline eartilage 
develops from the mesenehyme. Osteoblasts eonverge on the eartilage and then the proeess 
of ossifieation begins. 


Table 5.3 Bone formation throughout a person's life 


Stage 

Aetìvìty 

1 

The initial formation of bone in utero in the foetus 

2 

The growth of bones during infaney, ehildhood and adoleseenee 

3 

The replaeement of old bone with new bone (bone remodelling) - this occurs throughout an individnal's life 

4 

The repair of fractures that ean occur throughout a person's life 


Soaree: Adapted from Tortora and Derriekson (2013). Reproduced with permission of John VViley & Sons. 
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lntramembranous ossìfìeatìon 

The mesenehymal eells at the site of ossifieation - the ossifieation eentre - cluster together and 
differentiate at first into osteogenie eells and then into osteoblasts. The extracellular matrix of 
bones is seereted by the osteoblasts. Seeretion of extracellular matrix eeases and the eells, now 
known as osteoeytes, sit within the lacunae.These eells have narrow eytoplasmie proeesses that 
extend into the canaliculi radiating in many different direetions. After a fewdays the extracellular 
matrix ealeifies (hardens) as a result of calcium and other minerals being deposited. 

When the bone and the extracellular matrix form, these develop into trabeculae; the trabeculae 
fuse with one another and spongy bone is formed. Angiogenesis (blood vessel formation) occurs 
between the trabecular spaees. Red bone marrow is formed as the eonneetive tissue within the 
trabeculae differentiates, and periosteum is formed as mesenehyme eondenses along with the 
formation of trabeculae. Spongy bone remains in the eentre despite a thin layer of eompaet 
bone forming on the surface of the spongy bones. The proeess outlined here is known as intra- 
membranous ossifieation. Figure 5.2 provides an illustration of intramembranous ossifieation. 
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Fìgure 5.2 lntramembranous ossifìeation. Source: Tortora and Derriekson (2009). Reproduced with 
permission of John Wiley & Sons. 
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Endoehondral ossífíeatíon 

eartilage that is replaeed by bone is ealled endoehondral ossifieation; the majority of bones in the 
body are formed in this way. Mesenehymal eells crowd together at the site where bone is going 
to form and they take on the shape of the future bone and develop into ehondroblasts. These 
ehondroblasts seerete the extracellular matrix and produce a eartilage model that is made up of 
hyaline eartilage.The perichondrium - a membrane - develops around the eartilage model. 

As the ehondroblasts beeome buried deep into the eartilage matrix they ehange and beeome 
ehondroeytes. As growth continues through eell division the ehondroeytes also grow and the 
extracellular matrix starts to ealeify. The ehondroeytes also start to die as they are unable to 
reeeive nutrients through the extracellular matrix; as death occurs, lacunae form and merge into 
small eavities. 

A nutrient artery enters the perichondrium and the matrix that is ealeifying; ossifieation 
occurs inwardly from the external surface of the bone. This aetivity encourages osteogenie 
bone eell production within the perichondrium to beeome (through differentiation) osteoblasts. 
The formation of bone is ealled periosteum; towards the eentre the blood vessels grow, and 
eventually bone replaees most of the eartilage. 

The bone marrow is developed as the primary ossifieation eentre grows towards the ends of 
the bone; here, osteoblasts break down some of the newly formed spongy bone. As this aetion 
continues it produces a eavity, the medullary eavity (bone marrow), in the shaft of the bone 
(ealled the diaphysis). 

Seeondary ossifieation eentres frequently develop prior to or just after birth when the blood 
vesselsenterthe epiphyses. Boneformation in seeondary ossifieation issimilarto that in primary 
ossifieation; however, there are no medullary eavities left. In seeondary ossifieation the proeess 
occurs outwardly from the eentre of the epiphysis towards the surface of the bone. 

The articular eartilage and the epiphyseal plates are formed from the hyaline eartilage that 
eovers the epiphyses. Before a person reaehes adulthood, hyaline eartilage remains between 
the diaphysis and epiphysis. Figure 5.3 provides an illustration depieting endoehondral 
ossifieation. 

Bone length and thíekness 

As the person grows (e.g. during infaney, ehildhood and adoleseenee), long bones grow in 
length and thiekness. This longitudinal growth and expansion of thiekness continues until the 
person is usually 15 years of age in girls and 16 years of age in boys. 

The ehondroeytes present in the epiphyseal plate are eonstantly dividing, and this aetivity is 
related to the length of bone growth. As adoleseenee ends, the formation of new eells deereases, 
and between the ages of 18 and 25 years this aetivity eeases altogether. 

Growth of bone (thiekness) occurs as the eells in the perichondrium differentiate into osteoblasts; 
the osteoblasts then develop into osteoeytes. Lamella are added to the bone surface, and osteons 
(the basie units of structure of the adult eompaet bone) are formed. Osteoblastie and osteoelastie 
aetivity occurs, and the result is an enlarged medullary eavity and thieker bone is formed. 

Bone remodellíng 

As adoleseenee ends between the ages of 18 and 25 years, formation of new eells occurs and 
bone continually renews itself through bone remodelling.This happens when ongoing replaee- 
ment of old bone is renewed by new bone. Remodelling takes plaee at different rates in different 
parts of the body. When bones reaeh their adult shapes the old bones are being repeatedly 
demolished and new bone is formed in its plaee; this elearly demonstrates that bone is a living, 
metabolising organ. 
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Fìgure5.3 Endoehondral ossifìeation ofthetibia. 5oi/rce:Tortora and Derriekson (2009). Reproduced 
with permission of John Wiley & Sons. 

Snapshot 

Osteomyelitis: Vijay 

Vijay Palmar, a 27-year-old accountant plays squash; in a rather clumsy elash with one of the walls 
of the squash court he sustained a traumatic injury. 

Osteomyelitis is a bone infeetion that ean occur spontaneously or, in Vijay's ease, following 
trauma or surgery on bones and joints. Implant-related bone infeetions, occurring after joint 
prosthesis (hip, knee, shoulder, ankle, ete.) or osteosynthesis (plates, screws, nails implant for 
fractures or osteotomies) are one of the most ehallenging eomplieations in orthopaedie and trauma 
surgery, the eondition often requires complex treatment in speeialised eentres. 

iContinueci) 
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Signs and symptoms of osteomyelitis include 

• pyrexia or ehills 

• lethargy 

• pain assoeiated with the area of the infeetion 

swellina, warmth and redness over the area of the infeetion. 
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However, sometimes osteomyelitis causes no signs and symptoms or has signs and symptoms 
that may be difficult to distinguish from other problems. Owing to the structure of bone, this makes 
this infeetion a ehallenge, and often it will require surgical procedure(s) to remove the diseased or 
dead bone (osteoneerosis) and prolonged antibiotie therapy, for 6 weeks or more. 


A fine balanee must exist between the breakdown and build-up of bone: if bone is built up too 
quickly, then an abnormally thiek and heavy bone will be formed. Weak bone, as a result of too 
much calcium or bone tissue loss, ean result in bone that breaks easily. 

eiinieal eonsiderations 

Osteoarthritis 

As a person ages, the aetion of bone breakdown and bone build-up continues. As well as breakdown 
and rebuilding, the bone also thiekens and bone mass inereases. Damage to joints, the tissues 
surrounding the joints and the bones themselves ean also occur as the ageing proeess occurs. 

The eondition osteoarthritis is a degenerative non-inflammatory eondition. It is more eommon 
in those people aged over 50 years; however,younger people ean also be affeeted by this eondition, 
and women suffer with osteoarthritis more than men do. 

The joints are eharaeteristieally affeeted: damage appears to the eartilage, bony growths occur at 
the ends of the bones and around the joints, and synovitis ean occur (inflammation of the tissues 
around the joints). 

The impaet of osteoarthritis will differ from person to person; the eare of those with osteoarthri- 
tis will depend on the assessment of individual needs. There is no cure for osteoarthritis, but there 
are many interventions that ean be implemented to help improve the health and well-being of the 
person being eared for. 

A multidisciplinary approaeh to eare is required, be this in a hospital setting or in the person's 
own home. Adjustments to lifestyle, for example, an inerease in exercise and the modifìeation of 
footwear ean help.The administration of medieines to eontrol pain and inflammation ean also help 
the person earry out their aetivities of living in a more effeetive way, promoting independenee. 


Bone fractures 

Tucker (2011) defines a fracture as the breakage of bone due either to an injury or disease.There 
are a number of types of fracture, including: 

1 . simple 

2. compound 

3. comminuted 

4. greenstiek(ineomplete). 
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Fracture occurs 

i 

Phagoeytes begin their work by removing dead bone tissue 

1 

Ghondroblasts form fibroeartilage at the site of fracture 

I 

The fibroeartilage is eonverted to spongy bone tissues by the aetion of osteoblasts 

\ 

Bone remodelling occurs 

I 

Dead bone is absorbed by the aetion of osteoelasts 

I 

Spongy bone is eonverted to eompaet bone 


Fìgure 5.4 The stages a broken bone goes through for repair to occur. 

The repair of a bone that has been broken (fracturecl) goes through a number of stages 
(see Figure 5.4). Although bone has a rieh blood supply, healing ean sometimes take many 
months.The break in the bone will interfere with the blood supply to the bone temporarily, and 
this will result in a delay in healing. 

As a fracture occurs, phagoeytes remove any dead bone tissues. Osteoeytes will proliferate when 
a break in bone occurs as the fracture stimulates production.The bone will heal gradually as calcium 
and phosphorus (needed to strengthen and harden new bone) is deposited and bone eells slowly 
grow and duplicate. MeRae (2006) suggests that full bone healing ean take months to take plaee. 

Bone has the eapaeity to regenerate and heal itself; the aetion of osteoblasts and osteoelasts 
produces new eells and removes those eells that have died. Tortora and Grabowski (2009) 
suggest that the balanee of calcium is an essential requirement in bone growth and repair; this 
is affeeted by the level of vitamin D in the body as well as renal and intestinal functioning, 
parathyroid gland functioning and the ability of the adrenal glands to work effeetively. 

Medieines management 

Arthrotee 

Arthrotee is a drug that eontains a eombination of two drugs: dielofenae and misoprostol. 
Dielofenae is a non-steroidal anti-inflammatory drug (NSAID) and works by reducing hormones 
that cause inflammation and pain in the body. Misoprostol, the other ingredient, reduces stomaeh 
aeid and replaees proteetive substances in the stomaeh that are reduced by NSAIDs. NSAIDs have 
a propensity to cause gastrie bleeding. 

(Continuecl) 
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This drug is used to treat skeletal eonditions such as osteoarthritis and rheumatoid arthritis and 
is given to those people who may be at high risk for developing gastrie or intestinal ulcers. 

Arthrotee should not be used in those who are pregnant as misoprostol may cause birth 
defeets, misearriage, premature labour or uterine rupture. Those who have aetive gastrie or 
intestinal bleeding should not use Arthrotee. The dielofenae used in this drug ean inerease the 
risk of fatal heart attaek or stroke; this risk is inereased if the medieation is used long term or if 
the person has heart disease. 

Prior to administering this medieine the nurse must determine if the person is allergie to 
dielofenae or misoprostol, or if there is an aetive gastrie or intestinal bleed.The drug should not be 
given until after a detailed medieal history has been taken as it is eontraindieated in some 
eonditions. 

Administer Arthrotee with food or milk to lessen stomaeh upset. Do not crush or breakthe medi- 
eine; the drug should be swallowed whole and not chewed. If the person is taking the medieation 
long term, then frequent blood tests will be needed. 


Bone structure and blood supply (hístology) 

There are a number of faetors that will impinge upon bone growth, and therefore its structure 
(seeTable 5.4). 




jieines management 


Hyaluronan injeetions 

Normal synovial fluid eontains large amounts of hyaluronic aeid, permitting the joint fluid to be 
slippery. Synthetie hyaluronates may be injeeted into the knee in order to treat arthritis. Onee 
the injeetion has been given, pain relief occurs within days and may last for several months. 
The medieation is usually injeeted in the knee; however, use in other joints is being eonsidered, 
such as the shoulder, ankle and elbow. 

It is usual for a course of three to fìve injeetions to be given, eaeh separated by 1-3 weeks. 
The fìrst two injeetions may be given elose together, and the period between those remaining is 
extended. Repeat courses may be reeommended. 

This type of medieation is only usually used for those people with osteoarthritis who eannot take 
NSAIDs or who have used them but do not aehieve adequate pain relief when using them. People 
awaiting joint surgery may benefìt from these injeetions. 

The drug has very few side-effeets: there may be some people who may experience a slight 
allergie reaetion, it may cause temporary pain and swelling in thejoint afterthe injeetion and there 
is a small risk of infeetion. If the patient develops severe joint pain after an injeetion, the nurse 
should advise them to eall the hospital or elinie where the injeetion occurred. 

An alternative to hyaluronan injeetions isa steroid injeetion intothejoint. Steroid injeetions have 
anti-inflammatory as opposed to lubricating properties. 


All of the faetors eited in Table 5.4 are required for bone growth, and an alteration in any of 
them will impaet on bone structure as well as a number of other bodily functions. 
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Table 5.4 Some faetors that impaet on bone structure 


Faetor 

eomment 

Vitamins 

A, e, D, K and There are a number of sources of these vitamins, and their roles and functions vary. 

Too high amounts ean be toxic and too low amounts ean, for example, stunt growth. 

Hormones 

Human growth hormone (hGH), insulin-like growth faetors (IGFs), oestrogens, androgens and thyroid 
hormones. Some of these hormones are produced in the pituitary gland; henee, any eondition affeeting 
this gland could result in problems related to bone formation and structure. IGFs are produced by the 
liver in response to hGH. Oestrogen (the sex hormone produced in the ovaries) and androgens (the sex 
hormone produced in the testes): if these hormones are not released there are potential eomplieations 
assoeiated with a number of body functions, including bone. 

Minerals 

Calcium, phosphorus, magnesium and fluoride. Calcium is a mineral that beeomes available to the rest 
of the body when remodelling occurs.The amount of calcium in the bloodstream must be within preeise 
limits otherwise serious problems ean occur; the heart may stop if there is too much circulating calcium. 

Exercise 

All exercise is benefieial to the body, but weight-bearing exercise is particularly important for the 
stimulation of bone growth, particularly those exercises that plaee stress on the bones. When plaeed 
under stress, bone tissue beeomes stronger as remodelling occurs; without this stress the bone will 
weaken and demineralisation occurs. 


Soaree: Adapted from Tortora and Derriekson (2009) and Rizzo (2006). Reproduced with permission of John VViley & Sons. 


Blood supply 

Blood supply to the bone eomes via three routes: 

the Haversian eanals 
the Volkmann eanals 
the vessels. 

The Haversian eanals are minute ehannels that are laid down parallel to the axis of the bone 
and are the passages for arterioles; they allow for the effieient metabolism of bone eells. These are 
eentral eanals that eontain blood vessels, nerves and lymphatie vessels.The eanals are surrounded 
by lamellae that are made up of rings of hard, ealeified extracellular matrix. Lying between 
the lamellae are the lacunae, which eontain the osteoeytes, and radiating in all direetions are the 
canaliculi filled with extracellularfluid.These various intereonneeting structures provide nutrients 
and oxygen to the bones as well as provide a route for waste to be removed. 

The periosteum provides the route for the blood vessels, nerves and lymphatie vessels to 
penetrate the eompaet bones through the Volkmann eanals.These blood vessels, lymph vessels 
and nerves eonneet with those of the bone marrow, periosteum and Haversian eanals.The fluid 
present in the Volkmann eanals bathes the osteoeytes, bringing in oxygen and removing waste 
(including earbon dioxide), helping to keep the osteoeytes alive and healthy (Rizzo, 2006). 
Figure 5.5 provides an illustration of the Haversian system in eompaet bone and trabeculae in 
spongy bone. 

Organìsatíon of bone based on shape 

There are, aeeording to Rizzo (2006), five eategories that individual bones of the body ean be 
divided into: 

long 

short 
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Fìgure 5.5 The Haversian system in eompaet bones and trabeculae in spongy bone. Source: Tortora 
and Derriekson (2009). Reproduced with permission of John Wiley & Sons. 


flat 

irregular 

sesamoid. 

Long bones 

Some examples of long bones are the humerus, elaviele, radius, ulna, femur, tibia and fibula.The 
metaearpals, metatarsals and phalanges are also elassed as long bones (despite their shortness) 
as the length of these bones exceeds their width.They allow movement particularly in the limbs 
(e.g. the femur and the humerus). 

Long bones eonsist of a diaphysis eomposed primarily of eompaet bone and a metaphysis 
that is eomposed mainly of cancellous or spongy bone. There are two extremities that are 
separated from the metaphysis ealled the epiphyses; the separating line is ealled the epiphyseal 
line. The diaphysis is thiekest towards the middle of the bone. There is a reason for this: it is 
where most strain on the bone occurs. The long bone has a slight curve to it - this also aids 
strength - distributing weight.The interior of the shaft eontains the bone marrow (the medullary 
eavity). Figure 5.6 shows a long bone. 

Short bones 

These bones are usually grouped in pairs; they are strong and eompaet. Often they are found in 
parts of the body where little movement is needed. Examples of short bones include the earpal 
bones of the wrist and the tarsal bones of the foot (see Figure 5.7). 
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Fìgure 5.6 A long bone - the femur. Source: Tortora (2008). Reproduced with permission of John 
Wiley &Sons. 
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Fìgure 5.7 The tarsal bones - short bones. Source: Tortora (2008). Reproduced with permission of 
John Wiley & Sons. 
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Short bones are not just shorter versions of long bones, they do not have a long axis and are 
irregular in shape. They have a thin layer of eompaet tissue over a predominantly spongy or 
cancellous bone. 


Flat bones 

These are thin bones that are found where there is a need for muscle attaehment or for protee- 
tion of soft or important aspeets of the body.Their broad flat surface allows for extensive muscle 
attaehment. Examples of flat bones are the sternum, ribs, scapula, some bones of the skull and 
some bones of the pelvis (see Figure 5.8). These bones are often curved and are made up of 
eompaet tissues enelosing a layer of cancellous bone. 
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lrregular bones 

These bones do not fit into the eategories deseribed above as they have a number of 
different eharaeteristies. As the name suggests, they are irregular, different and peculiar. 
These bones eonsist of spongy bone that is enelosed by thin layers of eompaet bones. These 
bones include the vertebrae, coccyx, sphenoid, zygomatie and the ossieles of the ear 
(see Figure 5.9). 


Sesamoíd bones 

The patella isa sesamoid bone, although someofthe bonesofthe wristoranklecould beelassed 
as sesamoid. Sesamoid bones are bones within tendons; they are small and round, and assist in 
the functioning of muscles. Figure 5.10 shows the patella. 


SUPERIOR 


Suprasternal 

noteh 


Manubrium 



Xiphoid 

proeess 



Clavicular 

noteh 


Sternal 

angle 


INFERIOR 

Anterior view of sternum 

Fìgure 5.8 A flat bone - the sternum. Source: Tortora and Derriekson (2009). Reproduced with per- 
mission of John Wiley & Sons. 
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(b) Right lateral view 

Fìgure 5.9 (a, b) The vertebrae - an irregular bone. Source: Tortora and Derriekson (2009). 

Reproduced with permission of John Wiley & Sons. 


Joìnts 

A joint is the point at which two or more bones meet. Joints are sometimes also ealled articula- 
tions.There are a number of ways of elassifying joints; for example: 

fibrous 

cartilaginous 

synovial. 


Fibrous joints 

These joints are also ealled synarthrodial joints and are held together by only a ligament a dense 
irregular tissue that is made up of eollagen-rieh fibres. There is no synovial eavity in this type of 
joint. Examples of synarthrodial joints are where the teeth are held to their bony soekets; other 
examples include both the radioulnar and tibiofibular joints. 
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Fìgure 5.10 The patella - a sesamoid bone. Source: Peate and Nair (2009). Reproduced with permis- 
sion of John Wiley & Sons. 


Cartilaginous joints 

These joints are also ealled synehondroses and symphyses (singular symphysis). They occur 
where the eonneetion between the articulating bones is made up of eartilage with no synovial 
eavity; for example, the joints occurring between vertebrae in the spine. 

The synehondroses are temporary joints and are only present in ehildren until the end of 
puberty, by which stage the hyaline eartilage eonverts to bone; for example, the epiphyseal 
plates of long bones. Symphysis joints are permanent cartilagenous joints that have an 
intervening pad of fibroeartilage; for example, the symphysis pubis. 


Synovíal joínts 

Synovial joints, also ealled diarthrosis joints, are by far the most eommon elassifieation of 
joint within the human body.They are extremely movable joints with a synovial eavity and all 
have an articular capsule enelosing the whole joint, a synovial membrane (the inner layer of 
the capsule) that produces synovial fluid (a lubricating solution) and eartilage known as 
hyaline eartilage, which pads the ends of the articulating bones. 

Synovial fluid is a thin film that is usually viscous, elear or yellowish.Thisfluid helps to prevent 
frietion by providing the joint with lubrication, supplying nutrients and removing waste 
products. Ifthejoint beeomes immobilefora period oftimethefluid beeomesgel-like, returning 
to its normal viscous eonsisteney when the joint begins to move again. 

There are six types of synovial joints, and these are elassified by the shape of the joint and the 
movement available (seeTable 5.5). 
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Table 5.5 Six types of joint 


Type of joint 

Movement at Joínt 

Examples 

Structure 

Hinge 

A convex portion of one 

Elbow 



bone fits into a eoneave 
portion of another 

Knee 



142 


bone. The nnovennent 
refleets the hinge and 
braeket movement of a 
household hinge and 
braeket; movement is 
limited to flexion and 
extension.The joint 
produces an open and 
elosing motion.These 
Joints are uniaxial. 




Pivot 


A rounded part of one 
bonefits intothe 
groove of another bone. 
Thesejoints will only 
permit movement of 
one bone around 
another - uniaxial 
movement. 


Radius and ulna 
The atlas and the axis 




Ball and 
soeket 


The spherieal end of 
one bone fits into a 
eoneave soeket of 
another bone; henee, 
ball and soeket. 
Movement occurs 
through flexion, 
extension and 
adduction.This is 
triaxial Joint. 


Hip 

Shoulder 
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Type of joìnt 

Movement at Joìnt 

Examples 

Structure 

Saddle 

Similar to eondyloid 

The earpometaearpal Joints of 



Joints, but these Joints 
permit greater 

the thumb 



movement. Allovvs 
flexion, extension and 
adduction.The joint is 
elassed as triaxial. 
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Gondyloid 


Where an oval surface 
of one bone fits into a 
eoneavity of another 
bone. Allovvs flexion, 
extension and 
adduction.This is a 
biaxial Joint. 


The radioearpal and 
metaearpophalangeal Joints of 
the hand 




Gliding 


These joints have a flat 
or slightly curved 
surface, permitting 
gliding movements.The 
Joints are bound by 
ligaments, and 
movement in all 
direetions is restrieted. 
Thejoint moves baek 
and forth and side to 
side. 


Intertarsal and interearpal Joints 
of the hands and feet 
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Medieines management 

Medìeíne eontaíners 

People with skeletal eonditions such as arthritis may struggle to open medieine eontainers, 
particularly those that have ehildproof tops on.This ean cause frustration when the person is trying 
to get to the medieines that have been preseribed to relieve their pain, and this then causes 
additional pain. 

A discussion with the pharmaeist or occupational therapist may be needed to ensure that those 
who need their medieation ean aeeess it with ease and at the same time ensure a safe environment. 
There are also several eommereial products available to help people grip and open eontainers; 
these often eome with a rubber non-slip eoating on the grip points, so that the person's hand does 
not slide. 


Conclusìon 

All aetivities that people perform are related to movement; for example, verbal communication, 
moving the mouth (jaw) to speak, requires the skeleton.The skeleton and the bones of the body 
are required in order to perform in the best possible way. When gases are exchanged during 
breathing, mobility is required for this life-sustaining aetivity to occur.The intaet skeletal system 
permits these aetivities to occur. Mobility is an essential aetivity of living. 

The human skeleton is a living organism that is eonstantly metabolising.The skeletal system 
links very elosely to muscles; muscles provide leverage and movements, and the skeleton 
provides the framework. The long bones are responsible for the production of erythroeytes 
(haemopoiesis); production (or failure to produce erythroeytes) ean have an impaet on the 
person's health and well-being.The nervous system is elosely related to the skeletal system, as 
muscles require a nerve impulse to eontraet; this then results in skeletal movement.The diges- 
tive system enables food to be broken down to such a level that the nutrients ean be used for 
bone production. Hormones produced by the kidneys help to stimulate the production of 
bone marrow in the long bones. 

The skeletal system is essential for life, providing support and proteetion of the internal 
organs.The bones store and, when needed, release calcium, a mineral that is essential to ensure 
safe bodily functioning. 

^GIossary 

Abductìon Movement away from the body's midline. 

Adductìon Movement towards the body's midline. 

Anatomy The study of body structures and their relation to other structures in the body. 

Artery A blood vessel that earries blood away from the heart. 

Artìculatìon Sometimes ealled a joint where bones meet. 

Ball-and-soeket joint A synovial joint in which the rounded surface of one bone fits within the 

cup-shaped depression of the soeket of the other bone. 

Galeífíeatíon Deposition of mineral salts in a framework formed by eollagen fibres in which tissue 

hardens. 
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Cancellous A type of structure as seen in spongy bone tissue; resembles a lattieevvork structure. 

Gartìlage Strong, tough material on the bone ends that helps to distribute the load vvithin the joint; 
the slippery surface allovvs smooth movement betvveen the bones; a type of eonneetive tissue. 

Cartìlagínous Joint A joint vvhere the bones are held together tightly by eartilage; little movement 
occurs in this joint.This joint does not have a synovial eavity. 

eollagen A protein that makes up most of the eonneetive tissue. 

eondyloíd joint A synovial joint that allovvs one oval-shaped bone to fit into an elliptieal eavity of 
another. 

Diaphysis The shaft of a long bone. 

Epiphysis The end of long bone. 

Fibrous Joint A type of joint that allovvs little or no movement. 

Flexion Movement vvhere there is a deerease in the angle betvveen tvvo bones. 

Fracture A break in a bone. 

Gliding Joint A synovial joint vvhose articulating surfaces are usually flat allovving only side-to-side 
or baek-and-forth movement. 

Haemopoiesis The formation and development of blood eells in the bone marrovv after birth. 
Histology The mieroseopie study of tissue. 

Homeostasis A state vvhereby the body's internal environment remains relatively eonstant vvithin 
physiologieal limits. 

Hormone The seeretion of endoerine eells that have the ability to alter the physiologieal aetivity of 
target eells in the body. 

Insulin-like growth faetor (IGF) Produced by the liver and other tissues, this is a small protein that 
is produced in response to hGH. 

In utero VVithin the uterus. 

Kinesiology The study of movement of the body. 

Lacuna A small, hollovv spaee found in the bones vvhere osteoeytes lie. 

Lamellae Rings of hard, ealeified matrix found in eompaet bones. 

Ligaments Tough fibrous bands of eonneetive tissue that hold tvvo bones together in a joint. 
Maerophage Gells that engulf and then digest cellular debris and pathogens. 
l\/larrow A sponge-like material found in the eavities of some bones. 

Mesenehyme Embryonie eonneetive tissue from vvhieh nearly all other eonneetive tissue arises. 
Metaphysis The aspeet of a long bone that lies betvveen the diaphysis and the epiphysis. 
Ossifieation The formation of bone; sometimes ealled osteogenesis. 

Osseous Bony. 

Ossiele A small bone of the middle ear - the malleus, the incus, the stapes. 

Osteoblasts Gells that arise from osteogenie eells; these eells partieipate in bone formation. 
Osteoelasts Large eells that are assoeiated vvith absorption and removal of bone. 

Osteoeytes Mature bone eells. 
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Osteon The basie unit of structure in adult eompaet bone. 

Osteophytes Overgrovvth of nevv bone around the side of osteoarthritie joints; also knovvn as spur 
grovvth. 

Perìosteum Membrane eovering bone eonsisting of osteogenie eells, eonneetive tissue and 
osteoblasts.This is vital for bone grovvth, repair and nutrition. 

Pìvot Joint A joint vvhere a rounded or eonieal-shaped surface of a bone articulates vvith a ring 
formed partly by another bone or ligament. 

Remodellíng Replaeement of old bone by nevv. 

Resorptíon Absorption of vvhat has been excreted. 

Saddle joint A synovial joint articulates the surface of a saddle-shaped bone on the other bone 
that is said to be shaped like the legs of the rider. 

Spongy (cancellous) bone tissue Bone tissue eomprised of an irregular lattieevvork of thin plates 
of bone knovvn as trabeculae. Some bones are filled vvith red bone marrovv, and these are found in 
short flat and irregular bones as vvell as the epiphyses of long bones. 

Synovial eavity The spaee betvveen the articulating bones of a synovial eavity, filled vvith synovial fluid. 
Synovial fluid A elear pale, yellovv, viseid fluid. It lubricates joints. 

Trabeculae A netvvork of irregular lattieevvork of thin plates of spongy bones. 
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Further readìng 

Arthrítis Researeh UK 

vvvvvv.arthritisresearchuk.org 

This organisation vvorks vvith patients and healtheare professionals to take the pain avvay from 
those living vvith all forms of arthritis, helping them to remain aetive. They fund high quality 
researeh, educate healtheare professionals and provide information to those vvith arthritis and 
their earers. 

Natíonal Osteoporosís Foondation UK 

https://vvvvvv.nos.org.uk 

The National Osteoporosis Soeiety is a UK-vvide eharity dedieated to improving the diagnosis, 
prevention and treatment of osteoporosis and fragility fractures. The National Osteoporosis 
Soeiety UK Allied Health Professional Netvvork has been developed to provide support and 




The skeletal system 


ehapter 5 


professional development to allied health professionals who are speeialists working in the field 
of osteoporosis and/or fragility fractures in the UK. 


Sareoma UK 

http://sarcoma.org.uk 

Sareoma UK is the only UK eaneer eharity that focuses on all types of sareoma. Sareomas are rare 
eaneers developing in the muscle, bone, nerves, eartilage, tendons, blood vessels and the fatty 
and fibrous tissues. 
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Aetìvìtìes 

Moltiple ehoíee questions 

1. What is an osteophyte? 

(a) a bone eell 

(b) a small bony outgrowth 
(e) a boneeaneereell 

(d) a lymph eell 

2. Where would you find the medial malleolus? 

(a) the hip 

(b) in the thoraeie eavity 

(e) the lovver end of tibia 

(d) the cranium 

3. What is another name for the elaviele? 

(a) the rib 

(b) the breastbone 

(e) the eollarbone 

(d) the pelvis 

4. What does the term kinesiology mean? 

(a) thestudy of light 

(b) the study of brain 

(e) the study of art 

(d) the study of movement of the body 

5. A joint that allows free movement is known as: 

(a) diarthrosis 

(b) haemathrosis 

(e) synarthrosis 

(d) amphiarthroses 

6 . The jaw bone is: 

(a) the calcaneus 

(b) the maxilla 

(e) the ischium 

(d) the mandible 

7. A joint such as the elbow joint that only moves in one plane is known as: 

(a) ahingejoint 

(b) asoeketjoint 

(e) an arthritie joint 
(d) asaddlejoint 
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8 . Bone is eovered by a proteetive tissue membrane ealled: 

(a) the lacunae 

(b) the diaphysis 
(e) the peritoneum 

(d) the periosteum 

9. The skull and ribs are part of: 

(a) the appendicular skeleton 

(b) the external skeleton 

(e) the axial skeleton 

(d) the internal skeleton 

10. The ribs are attaehed to: 

(a) the eervieal vertebrae 

(b) the thoraeie vertebrae 

(e) the lumbar vertebrae 
(d) theskull 


True or false 


1. The skeleton is a living organism. 

2. There are more bones in adults than in babies. 

3. Bone stores and releases calcium. 

4. The ribs proteet the panereas. 

5. Yellovv bone marrovv produces red blood eells. 

6. There is no differenee betvveen the vveight and size of male and female bones. 

7. The patella is loeated in the humerus. 

8 . Osteoblasts forms nevv bone. 

9. Replaeement of old bone by nevv is ealled remodelling. 

10. The axial skeleton has more bones than the appendicular skeleton. 


Label the diagram 1 

Label the diagram using the follovving list of vvords: 

Head, Greater troehanter, Neek, Lesser troehanter, Body, Medial epieondyle, Medial eondyle, 
Lateral epieondyle, Lateral eondyle 
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Label the diagram 2 

Label the diagram using the follovving list of vvords: 
Femur,Tibia, Patella 
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Word seareh 


In thefollovving there are 15 vvords thatyou vvill have seen in this ehapter. Can you fìnd them all? 
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Osteoblast Vertebrae, Skeleton, Sternum, Rib, Epiphyseal, Ulna, Osteoelast Patella, Suture, 
Osseous, Bone, EthmoidJointTibia 
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Fill in the blanks 

The_is the_and_bone of the_arm. The head 

of the humerus is_and_to the rest of the bone by the anatomie 

_. The upper aspeet of the bone has two prominenees: the _and 

_tubercles. The ulna is_than the radius. The bones of the wrists are 

ealled the_; they are arranged in_rows of four eaeh. The palms of the 

hands are made up of the_bones. Metatarsals are small_ 

bones; they eaeh have a_and a_. The thumb has only a_ 

and_phalanx. 

earpals, distal,fìve, greater, head, humerusj'oined, largest, lesser, long, longer, longest metatarsal, 
neek, proximal, rounded, shaft, two, upper 

Mateh the bone to the shape 

1. Irregular bone 

2. Long bone 

3. Flat bone 

4. Short bone 

A. Sternum 

B. Zygomatie 
e. Metaearpal 

D. Hyoid 

E. Tarsal 

F. Femur 

G. Ethmoid 

H. Scapula 

Find out more 

1. Why do healthy bones require exercise? 

2 . Deseribe the eomposition of bone. 

3. How does the skeletal system help to maintain homeostasis? 

4. In bone remodelling how do osteoblasts and osteoelasts work together? 

5. What happens to bone as we age? 

6. What is synovial fluid? 

7. Deseribe the healing that occurs after a fracture has been sustained. 

8. Discuss intramembranous ossifieation. 

9. What faetors are essential for bone remodelling? 

10. Where in the body are the two sesamoid bones and what are they ealled? 

eonditions 

The following is a list of eonditions that are assoeiated with the skeletal system.Take some time 
and write notes about eaeh of the eonditions. You may make the notes taken from text books or 
other resources (e.g. people you work with in a elinieal area), or you may make the notes as a 
result of people you have eared for. If you are making notes about people you have eared for you 
must ensure that you adhere to the rules of eonfidentiality. 
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Fractured neckoffemur 


Osteoarthritis 


Osteoporosis 


Gout 


Osteomyelitis 


Osteosareoma 







Janet G Migliozzi 


Testyotir prior knovvledge 

• List the functions of the nnuscular system. 

• Name the different types of muscles found in the human body. 

• Deseribe the energy sources that enable muscles to eontraet. 

• List the stages involved in muscle eontraetion. 

• List the different types of body movement. 


Learning outcomes 

After reading this ehapter you vvill be able to: 

• Deseribe the structure and functions of the muscular system 

• Deseribe the different types of muscles in the human body 

• Name the major muscles of the body and their functions 

• Deseribe hovv a muscle eontraets 

• Deseribe the energy sources that muscles use 


Fundamentals ofAnatomy and Physiology: For Nursing and Heaitheare Students, Seeond Edition. Edited by lan Peate and Moralitharan Nair. 
© 2017 John VViley & Sons, Ltd. Poblished 2017 by John VViley & Sons, Ltd. 

Stodent eompanion vvebsite: vvvvvv.vvileyfundamentalseries.com/anatomy 
lnstructor eompanion vvebsite: vvvvvv.vviley.com/go/instructor/anatomy 
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Bone 
Gartilage 



Joint 


lntroductíon 

All physieal function of the body involves muscular aetivity, and as muscles are responsible for 
all body movement they ean be eonsidered the 'maehines' of the body (Marieb, 2013). This 
ehapter will discuss the structure and function of the muscular system. 

Types of muscle tìssue 

The body eontains three types of muscle tissue: smooth, eardiae and skeletal.Table 6.1 provides 
a summary of the different types of muscle tissue. 

Smooth or vìseeral muscle 

Smooth or viseeral muscle is loeated in the walls of hollow internal organs and blood vessels of 
the body; for example, the small intestine, blood vessels (arteries, arterioles, venules and veins), 
bronehioles of the respiratory traet, urinary bladder and ureters, uterus and Fallopian tubes, but 
not the heart. Smooth muscle fibres have a single nucleus, are usually arranged in parallel lines 


Table 6.1 Different types of muscle tissue 


Skeletal muscle 

Smooth muscle 

Gardíae muscle 

Attaehed to bones or the skin 
(faeial myseles only) 

Found in the walls of hollow viseeral organs and 
blood vessels 

Loeated in the walls of the heart 

Single, long eylindrieal eells 

Single, narrow, rod-shaped eells 

Branehing ehains of eells 

Striated, multinucleated eells 

Non-striated, uninucleated eells 

Non-striated, uninucleated eells 

Under voluntary eontrol 

lnvoluntary eontrol 

lnvoluntary eontrol 
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and are not striated. Smooth muscles are involuntary, do not fatigue easily and are eontrolled by 
the medulla oblongata in the brain, which is responsible for eontrolling involuntary aetion 
throughout the body. Smooth muscle is discussed in more detail in Ghapter 9. 

eardiae 

Gardiae muscle, found only in the heart is also a form of involuntary muscle and forms the walls 
of the heart. Its main function is to propel blood into the circulation by making the right atrium 
eontraet. Gardiae muscles also have a single nucleus, are striated, branehed and tubular. Gardiae 
muscle is discussed in more detail in Ghapter 8. 

Skeletal 

The skeletal muscles make up the muscular system of the body (eomposed of over 600 muscles) 
and account for 40-50% of the body weight in an adult.The skeletal muscles are the only volun- 
tary muscles of the body (i.e. are consciously eontrolled) and arethe muscles involved in moving 
bones and generating external movement. Skeletal muscle is also referred to as striped or stri- 
ated muscle because of the banded patterns of the eells seen under the mieroseope. 

The rest of this ehapter will focus on skeletal muscle only as both smooth and eardiae muscle 
are discussed in more detail elsewhere. 

Functìons of the muscular system 

The muscular system plays four important roles in the body: 

• maintains posture 

• produces movement 

• stabilises joints 

• proteetion 

• generates heat. 

Maintenanee of body postore 

Despite the continuous downward pull of gravity, the body is able to maintain an ereet or seated 
posture because of the continuous tiny adjustments that the skeletal muscles make. 

Productíon of movement 

The body's ability to mobilise is a result of skeletal muscle aetivity and muscle eontraetion, as 
when muscles eontraet they pull on the tendons and bones of the skeleton to produce 
movement. 

Stabilisation of joints 

l\/luscle tendons play a vital role in stabilising and reinforeing the joints of the body. During 
movement the skeletal muscles pull on bones which stabilise the joints of the skeleton. 

Proteetion and eontrol of internal tissue structures/organs 

Skeletal muscle plays an important role in proteeting the internal organs as the viseeral organs 
and internal tissues eontained within the abdominal eavity are proteeted by layers of skeletal 
tissue within the abdominal wall and floor of the pelvie eavity. Similarly, the orifiees eontained 
within the digestive and urinary traets are eneireled by skeletal muscle, and this allowsfor volun- 
tary eontrol over swallowing, urination and defaeeation (Martini and Bartholomew, 2012). 
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Generatìon of heat 

Heat generation is vital in maintaining normal body temperature, and skeletal muscles, which 
account for 40% of the body's mass, are the muscle type mostly responsible for the body's heat 
generation. During muscle eontraetion, adenosine triphosphate (ATP) is used to release the 
needed energy, with nearly three-quarters of its energy eseaping as heat. 

eomposìtìon of skeletal muscle tíssue 

As muscles eontain other types of tissues, such as blood vessels and eonneetive and nervous tissue, 
they are eonsidered to be organs (Logenbaker, 2013). Eaeh eell in skeletal muscle tissue is known as a 
single muscle fibre, which, owing to its large size, eontains hundreds of nuclei (i.e. are multinucleate). 
A skeletal muscle eonsists of individual muscle fibres that are markedly different from a TypieaLeell 
(not least bytheirsize) bundled intofaseielesand surrounded bythree layers of eonneetive tissue. 

Gross anatomy of skeletal muscles 

l\/luscle is separated from skin by the hypodermis, which eonsists of adipose tissue (which pro- 
vides insulation and proteets the muscle from physieal damage) and a dense, broad band of 
eonneetive tissue known as faseia, which supports and surrounds muscle tissue and provides a 


Periosteunn 


Bone 


i" 
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Tendon 



Epimysium 

Belly of skeletal 
muscle 

Perimysium 

Epimysium 


Faseiele 


Peristome 


Muscle 
fibre (eell) 

Myofibril 


Fìgure 6.1 Gross anatomy of a skeletal muscle. Source: Tortora and Derriekson (2009). Reproduced 
with permission of John Wiley & Sons. 
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pathvvay for nerves and the lymphatie and blood vessels to enter and exit a muscle. Extending 
from the faseia are three layers of eonneetive tissue that also play a role in supporting and pro- 
teeting the muscle and are neeessary to ensure that the foree of eontraetion from eaeh muscle 
eell is transmitted to its points of attaehment to the skeleton (see Figure 6.1). These include: 

• the epìmysmm, vvhieh is vvrapped around the entire muscle; 

• the perìmysìum, vvhieh surrounds bundles of muscle fibres knovvn as faseieles; 

• the endomysìum, vvhieh is vvrapped around eaeh individual muscle eell. 

The epimysium, perimysium and endomysium blend into either strong, eord-like tendons 
or into sheet-like aponeuroses that attaeh muscles indireetly to bones, eartilages or eonneetive 
tissue (Marieb, 2013). 
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lntramuscular ínjeetìon 

An intramuscular (IM) injeetion is given direetly into a seleeted muscle, and vvhile there are several 
sites on the body that are suitable for IM injeetions, the most eommon areas used are: 

• the deltoid muscle of the upper arm; 

• the vastus lateralis muscle, vvhieh forms part of the quadriceps muscle group of the upper leg; 

• the gluteus medius (ventrogluteal site) muscle, vvhieh runs beneath the gluteus maximus from 
the ilium to the femur. 

IM injeetions are used forthe delivery of eertain drugs that (for various reasons) eannot be given 
via an oral, intravenous or subcutaneous route. The IM route enables a large amount (up to 5 mL) 
of drug to be introduced at one time, minimises tissue irritation and provides a faster route than 
subcutaneous/intradermal injeetions. 


Mìeroanatomy of skeletal muscle fíbre 

When examined mieroseopieally, skeletal muscle eells appear eylindrieal in shape, have a distine- 
tive banded appearanee of alternate light and dark stripes and lie parallel to eaeh other (see 
Figure 6.2).Table 6.2 provides a summary of the cellular eomponents of a muscle fibre. 

The sareolemma and transverse tubules 

Eaeh muscle fibre is eovered by a plasma membrane ealled the sareolemma and eylindrieal 
structures ealled myofibrils that are suspended inside the muscle fibre in a matrix ealled the 
sareoplasm (eytoplasm), vvhieh extends along the entire length of the muscle fibre. The surface 
of the sareolemma isseattered vvith openingsthat lead intoa netvvorkof narrovv tubules ealled 
transverse orT'tubules that are filled vvith extracellular fluid and form passagevvays though the 
muscle fibre (Martini and Bartholomevv, 2012). 

The sareoplasm 

The sareoplasm eontains multiple mitoehondria, vvhieh produce large amounts of ATP during 
muscle eontraetion (Tortora and Derriekson, 2012) and it is here that the T tubules make eontaet 
vvith a membrane knovvn as the sareoplasmie reticulum (SR).The SRstores calcium ions (essential 
for muscle eontraetion) in structures ealled eisternae and myoglobin (a reddish-brovvn pigment 
that is similar to haemoglobin), vvhieh stores oxygen until needed to generate ATP. 


157 













ehapter 6 


The nnuscular system 


158 
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Fìgure 6.2 Diagram shovving a skeletal muscle fìbre. 


Table 6.2 Cellular eomponents of a muscle fibre 


Name 

Functìon 

Sareolemma 

Plasma membrane of a muscle fibre that formsT tubules 

Sareoplasm 

Gytoplasm of the muscle fibre that eontains myofibrils 

Myofibril 

Gonsists of bunclles of myofilament and plays a key role in muscle eontraetion 

Myofilament 

Gonsists of thiek and thin filaments that give muscle tissue its striated appearanee and plays a 
role in muscle eontraetion 

Myoglobin 

A reddish-brovvn pigment (gives muscle tissue its dark-red colour) that stores oxygen for 
muscle eontraetion 

T tubule 

Fluid-filled tubular structure that releases calcium from the sareoplasmie reticulum 

Sareoplasmie reticulum 

Storage site for calcium ions 
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The myofìbrìls 

Myofibrils (which are bunclles of myofilaments) are thread-like structures that are found in abun- 
danee in the sareoplasm. The myofibrils play a key role in the muscle eontraetion meehanism 
and eontain two types of protein filaments: thiek filaments eomposed of myosin and thin fila- 
ments eomposed of aetin and two other proteins, tropomyosin and troponin. These filaments 
form eompartments know as sareomeres, which are the basie functional units of striated muscle 
fibres (Tortora and Derriekson, 2012), and eaeh myofibril eontains approximately 10,000 sareo- 
meres arranged end to end.The sareomeres are separated from eaeh other by dense zig-zagging 
protein-based structures ealled Z dises. 


159 


The sareomeres 

Extending aeross eaeh of the thickfilamentsfound within the sareomere is a darkarea known as 
the A band in the eentre of which is a narrow H zone. On either side of the A band there is a 
lighter coloured area eonsisting of thin filaments ealled the I band.The alternating A and I bands 
give skeletal muscles their striated (striped) appearanee. 



l\/luscular dystrophy 

Muscular dystrophy is a broad term applied to an inherited group of disorders that destroy the 
muscles by causing musclefìbres todegenerate, shrinkin sizeand eventually die.The musclefìbres 
that die are replaeed with fat and eonneetive tissue. 

The most eommon form of the disease is Duchenne's muscular dystrophy, which is inherited via 
a flawed gene earried by the mother and results in a laek of protein ealled dystrophin that plays a 
part in the structure and function of muscle fìbres. The laek of dystrophin causes calcium to leak 
into muscle fibres and aetivate an enzyme that causes the muscle fibre to dissolve. 

The eondition occurs predominantly in males and manifests itself between the ages of 2 and 
6 years.The disease is progressive, and most sufferers are wheelchair bound by the age of 12 years 
and do not live beyond young adulthood (Marieb, 2013). While treatment in the form of injeetions 
of immature muscle eells that produce dystrophin provides some relief (Longenbaker, 2013), there 
is no known cure. 


Types of muscle fìbres 

Three types of muscle fibres are found in skeletal muscles and are found in varying proportions 

throughout the body: 

• Slow oxìdatìve fìbres are small, dark-red fibres (due to eontaining large amounts of 
myoglobin) that generate ATP by aerobie respiration, make up approximately 50% of skeletal 
muscle and are eapable of slow, prolonged eontraetions and are not easily fatigued. 

• Fast oxìdatìve-glycolytìc fìbres are medium, dark-red fibres that also generate ATP by aerobie 
respiration, but owing to their high glyeogen eontent are also able to generate ATP by anaerobie 
glyeolysis. Fast oxidative-glycolytic fibres are able to eontraet and relax more quickly than slow 
oxidativefibres. 

• Fast glyeolytìe fìbres are large white fibres (low myoglobin eontent) that generate ATP 
mainly by anaerobie glyeolysis and provide the most rapid and powerful muscle eontraetions, 
but they fatigue easily. 
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Blood supply 

Skeletal muscles have a very extensive blood supply and reeeive a total of 1 L of blood eaeh 
minute, which equates to 20% of the resting eardiae output. This inereases to 15-20 L min“^ 
when exercising intensively. As a general rule, eaeh skeletal muscle is supplied by an artery and 
one or two veins, and eaeh muscle fibre is in elose eontaet with a network of mieroseopie 
eapillaries within the endomysium. 

Snapshot n 

Acute eompartment syndrome 

In the limbs the eonneetions between the muscle fìbres and the skeleton are robust; consequently, 
muscles are eommonly isolated in dense eollagen-based eompartments.These eompartments are 
where the blood vessels and nerves that supply a speeifìe muscle enter. 

When an injury to a limb occurs, if the resulting oedema that normally occurs develops wlthin a 
eompartment where there is little room for tissue expansion, the interstitial pressure inereases. As 
pressure within the eompartment is higher than that within the eapillaries, blood flow, and henee 
tissue perfusion, slows and may ultimately stop (Harris and Hobson, 2015). This ean result in tissue 
isehaemia and muscle death, with the resultant eontents of the affeeted muscle fìbres potentially 
entering the bloodstream (rhabdomyolysis). Gommon causes of eompartment syndrome include 
limb fractures, crush injuries, vascular eompromise and drug overdoses involving heroin or eoeaine. 


Skeletal muscle eontraetíon and relaxatíon 

The ability of skeletal muscle to eontraet is eontrolled by the body's nervous system, and eaeh 
muscle fibre is eontrolled by a motor neurone (nerve eell), which may stimulate a few muscle 
eells or several hundred depending on the particular muscle and the work it does (Marieb, 2013). 
Skeletal musclecontractsin responseto stimulation by an eleetrieal signal (muscleaction poten- 
tial) delivered by the motor neurone, which is found halfway along the muscle eell, where it 
terminates at the neuromuscular junction. Here, the muscle fibre membrane is speeialised to 
form a motor end plate. 

Although a muscle fibre normally has a single motor end plate, the densely branehed motor 
neurone axons (see Figure 6.3) mean that one motor neurone axon ean eonneet and eontrol 



Muscle fibres (eells) 

Figure 6.3 Motor unit. Source: Tortora and Derriekson (2009). Reproduced with permission of John 
Wiley &Sons. 
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many muscle fibres. The motor neurone and the muscle fibres it eontrols are known as a 
motor unit. 

When a nerve impulse reaehes the axon terminals, the neurotransmitter aeetyleholine (ACh) 
that stimulates skeletal muscle is released into the synaptie eleft which is a small gap that 
separates the membrane of the nerve eell from the membrane of the muscle fibre (Shier etal., 
2012). The synaptie eleft and motor end plate eontain aeetyleholinesterase (AChE), which 
breaks down molecules of ACh. The release of ACh results in ehanges to the sareolemma that 
trigger the eontraetion of the muscle fibre. 


nH'.l m iTil 


I 

Botylism 

Botulism ean arise from the consumption of eontaminated or smoked food and is caused by 
ingestion of spores from the bacterium Clostridium botulinum, which is eommonly found in soil 
and water. One of the toxins released from the bacterium prevents the release of ACh at the 
synaptie terminals of muscle eells and prevents an aetion potential in the sareolemma from 
occurring. If not treated quickly this ean result in potentially fatal muscular paralysis. Treatment 
is with an anti-toxin and the use of meehanieal ventilation if the respiratory system is affeeted 
(Public Health England, 2014). 


Skeletal muscle fibres are stimulated by neurones that eontrol the production of an aetion 
potential (eleetrieal impulse) in the sareolemma by: 

• The release of ACh - an aetion potential travels along a motor neurone until it reaehes the 
synaptie terminal where vesieles eontained within the synaptie terminal release ACh into the 
synaptie eleft between the motor neurone and the motor end plate. 

• The bìndìng of ACh at the motor end plate - the ACh molecules diffuse aeross the synaptie 
eleft and bind to ACh reeeptors on the sareolemma. This ehanges the permeability of the 
membrane and allows sodium ions (Na+) into the sareoplasm, which triggers the production 
of a muscle aetion potential in the sareolemma. 

• The conductìon of aetìon potentìals by the sareolemma - the aetion potential spreads 
aeross the entire surface of the sareolemma and then travels down the transverse tubules to 
the eisternae which eneirele the sareomeres of the muscle fibre. As a result of the aetion 
potential travelling aeross it the eisternae releases signifieant amounts of calcium ions (Ca^+) 
which leads to the initiation of a muscle eontraetion. Eaeh nerve impulse normally results 
in one muscle aetion potential and stages 2 and 3 are repeated if more ACh is released by 
another nerve impulse. 

• Masele relaxatíon - aetion potential generation eeases as ACh is broken down by 
AChE and the eoneentration of calcium ions in the sareoplasm deelines. Onee calcium 
ions return to normal resting levels, muscle eontraetion will end and muscle relaxation 
occurs. 

Figure 6.4 provides a summary of the steps involved in skeletal muscle eontraetion and 
relaxation. 
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Nerve impulse arrives at 
axon terminai of motor 
neurone and triggers reiease 
of aeetyiehoiine (ACh). 







Muscie aetion 
potentiai 


O ACh diffuses aeross 
synaptie eieft, binds 
to its reeeptors in the 
motor end piate, and 
triggers a muscie 
aetion potentiai (AP). 



ACh reeeptor 


Synaptie vesieie 
fiiled with ACh 


O Aeetyleholinesterase 


in 



Transverse tubule 


synaptie eleft destroys 
ACh so another muscle 
aetion potential does not 
arise unless more ACh is 
released from motor neurone. 


o - o 

O Muscle AP travelling along 
transverse tubule opens Ca^^ 
release ehannels in the 
sareoplasmie reticulum (SR) 
membrane, which allows calcium 
ions to flood into the sareoplasm. 



O Muscle relaxes 


A 



O 


T roponin-tropomyosin 
complex slides baek 
into position where it 
bloeks the myosin 
binding sites on aetin. 


O 


ea^"^ binds to troponin on 
the thin filament, exposing 
the binding sites for myosin 




Á 


Elevated Ca^^ 


T 


Ca^^ aetive 
transport pumps 




o o 

Ca^^ release ehannels in 


SR elose and Ca aetive 




o ° 
o o 

o 

transport pumps use ATP o 
to restore low level of ^ o 

Ca^^ in sareoplasm. o 

o o 


O eontraotion: power strokes 
use ATP; myosin heads bind 
to aetin, swivel, and release; 
thin filaments are pulled toward 
eentre of sareomere. 


o o 


o o 


Fìgure 6.4 Sunnnnary of muscle eontraetion and relaxation. Source: Tortora and Derriekson (2009). 
Reproduced with permission of John Wiley & Sons. 
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Pyridostigmine is an antieholinesterase agent or AChE inhibitor and is used mainly to enhanee 
neuromuscular transmission and improve muscle strength in voluntary and involuntary muscles of 
patients with myasthenia gravis. AChE inhibitors inhibit AChE, raising the eoneentration of ACh at 
the neuromuscular junction. In so doing they prolong the aetion of ACh by inhibiting the aetion of 
the enzyme AChE (BNF, 2014). 

Cautìons and eontraìndìeatìons 

The drug should be used with caution in patients who have asthma, heart disease, epilepsy, 
Parkinsonism, thyroid disease or stomaeh ulcer. AChE inhibitors should not be given to patients 
with intestinal or urinary obstruction. 

Adverse effeets of pyridostigmine include nausea, vomiting, abdominal eramps, diarrhoea, 
excessive salivation, sweating, bradyeardia and bronehospasm. Adverse effeets of the drug may be 
minimised by preeise dosage adjustment. 


Energy sources for muscle eontraetìon 

l\/luscle fibres require an energy source to enable them to eontraet as and when needed. This is 
provided initially in the form of ATR which is stored in the muscle fibre. However, as only small 
amounts of ATP are stored in the muscle fibre, it is quickly depleted when the muscle is used 
and needs to be continuously available to power muscles.Therefore, working muscles require 
additional pathways to produce ATR and these include: 

• Greatìne phosphate:This is broken down into ereatine, phosphate and energy is the energy 
that is used to synthesise more ATP. Most of the ereatine formed is used to resynthesise 
ereatine phosphate and the ereatine not used is eonverted to the waste product ereatinine, 
which is excreted by the kidneys. 

• Anaerobìe respìratìon: Glyeogen is the most abundant energy source found in muscle fibres 
and is broken down into glucose when it is needed to provide energy for muscle eontraetion. 
Glucose is initially broken down into pyruvic aeid without the need for oxygen - a proeess 
known as glyeolysis - and the small amounts of energy that are ereated by this proeess are 
captured by the bondsof ATP molecules. 

During intensive muscle aetivity or when glucose and oxygen delivery are (temporarily) insuf- 
fieient to meet the muscle requirements, the pyruvic aeid generated during glyeolysis eonverts 
to laetie aeid. This pathway is much faster than that provided by aerobie respiration and ean 
provide sufficient ATP for short spells of intensive exercise. 

Aerobìe respìratìon 

Approximately 95% of the ATP used at rest and during moderate exercise eomes from aerobie 
respiration involving a series of metabolie pathways that use oxygen - eolleetively known as 
oxidative phosphorylation (Marieb, 2013). In order to release energy from glucose, oxygen is 
neeessary; muscles reeeive this either from the haemoglobin in red blood eells or from myo- 
globin, a protein that stores some oxygen within the muscle eells. During aerobie respiration, 
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nnuscle muscle 


(a) ATP from ereatine phosphate 






2 Laetie aeid 




Into blood 


(b) ATP from anaerobie glyeolysis 


Fatty aeids liberated 


Pyrovie aeid 

from adipose eells 


from glyeolysis 


Amino aeids from 
protein breakdovvn 





Oxygen from 
haemoglobin in blood 
or from myoglobin 
in muscle fibres 




(e) ATP from aerobie cellular respiration 

Fìgure 6.5 (a-e) Sources of ATP for muscle energy. Soi/ree:Tortora and Derriekson (2009). Reproduced 

with permission of John Wiley & Sons. 


glucose is broken down into earbon dioxide and water. The energy produced by the break- 
down of these compounds is captured by the bonds of ATP molecules. While a rieh source of 
ATP is obtained this way, it is a slow proeess that requires a continuous oxygen and fuel supply 
to the muscles. 

Figure 6.5 provides an overview of the different ATP sources available for muscles. 

Oxygen debt 

When the body is moderately aetive or at rest the cardiovascular and respiratory systems of the 
body ean usually supply sufficient oxygen to skeletal muscles to support the aerobie reaetions 
of cellular respiration (Shier etal., 2012). However, when more strenuous aetivity is undertaken 
and a muscle relies on anaerobie respiration to supply its energy needs, it incurs an oxygen debt 
(Longenbaker, 2013), which requires the body to dispose of laetie aeid and replenish ereatinine 
phosphate in order to repay the debt. 
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Anabolie steroíds 

Anabolie steroids are synthetie substances related to testosterone and promote the grovvth 
of skeletal muscle (anabolie) by inereasing protein vvithin eells, particularly skeletal muscles and the 
development of male sexual eharaeteristies (androgenie) - for example, the grovvth of the voeal 
eords, testieles (primary sexual eharaeteristies) and body hair (seeondary sexual eharaeteristies). 
Anabolie steroids ean be legally preseribed to treat eonditions resulting from steroid hormone 
defieieney, such as delayed puberty, and, ovving to their ability to stimulate muscle grovvth and 
appetite, diseases that result in loss of lean muscle mass, such as eaneer and AIDS. But some 
athletes, bodybuilders and others abuse these drugs in an attempt to enhanee performanee and/ 
or improve their physieal appearanee. Doses taken by abusers may be 10 to 100 times higher than 
doses preseribed to treat medieal eonditions, and the abuse of anabolie steroids may lead to 
aggression and other psyehiatrie problems, including extreme mood ehanges, paranoid jealousy, 
manie-like symptoms and anger (Yoid rage') that may lead to violenee. Furthermore, steroid abuse 
may lead to serious, even irreversible, health problems, including kidney impairment or failure, 
damage to the liver and cardiovascular problems, including enlargement of the heart, high blood 
pressure and ehanges in blood eholesterol leading to an inereased risk of stroke and heart attaek 
(National lnstitute on Drug Abuse, 2012). 


Muscle fatìgue 

l\/luscle fatigue occurs vvhen a muscle fibre ean no longer eontraet despite continued neural stim- 
ulation and occurs as a result of the oxygen debt that occurs during prolonged muscle aetivity. 

Organìsatíon of the skeletal muscular system 

Every one of the body's skeletal muscles is attaehed at a minimum of tvvo points to bone or other 
eonneetive tissue. When one part of the skeleton is moved by muscle eontraetion, related parts 
have to be steadied by other musclesfor the movement to be effeetive.The origin of a muscle is 
on the stationary bone vvhere it begins, and the muscle ends at an insertion on the bone that 
moves (Longenbaker, 2013). 

l\/luscles ean be named aeeording to size, shape, loeation and number of origins, assoeiated 
bones and the aetion of the muscle. Table 6.3 provides examples of the eriteria used to name 
muscles. 

The body's skeletal muscles ean be divided into four areas: 

• head and neek muscles 

• muscles of the upper limbs (shoulder, arm, forearm) 

• trunk (thorax and abdomen) 

• muscles of the lovver limbs (hip, pelvis/thigh, leg). 

The major muscles of the body are listed aeeording to body area inTables 6.4,6.5,6.6 and 6.7 
and illustrated in Figures 6.6,6.7,6.8 and 6.9. 

Figures 6.10 and 6.11 provide an overvievv of the major muscles of the body. 
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Character/term 

Defìnìtìon 

Example 

Díreetíon 

Transverse 

Aeross 

Transversus 

Oblique 

Diagonal 

abdominis 

Rectus 

Straight 

External oblique 
Rectus abdominis 

Shape 

Trapezius 

Trapezoid 

Trapezius 

Deltoid 

Triangular 

Deltoid 

Obicularis 

Circular 

Obicularis oculi 

Rhomboid 

Diamond-shaped 

Rhomboideus 

Platys 

Flat 

Platysma 

Sìze 

Major 

Larger 

Peetoralis major 

Minor 

Smaller 

Peetoralis minor 

Maximus 

Largest 

Gluteus maximus 

Minimus 

Smallest 

Gluteus minimus 

Longus 

Longest 

Adductor longus 

Latissimus 

VVidest 

Latissimus dorsi 

Number of orígìns 

Bieeps 

Two origins 

Bieeps braehii 

Trieeps 

Three origins 

Trieeps braehii 

Quadriceps 

Four origins 

Quadricepsfemoris 


Table 6.4 IVlyseles of the head and neek 


IVluscle 

Origín 

Insertion 

Function 

Frontalis 

Skin and muscles around eye 

Skin of eyebrowand bridge 
ofnose 

VVrinkles forehead 

Raises eyebrows 

Oeeipitalis 

Oeeipital bone 

Galea aponeurotica 
(tendinous sheet) 

Tenses and retraets sealp 

Obicularis oculi 

Maxillary and frontal bones 

Skin around eye 

eioses eye 

Buccinator 

Maxillary bone and mandible 

Fibres of orbicularis oris 

Gompresses eheeks 

Zygomaticus 

Zygomatie bone 

Obicularis oculi 

Raises eorner of mouth 

Obicularis oris 

Muscles nearthe mouth 

Skin of eentral lip 

eioses and protrudes lips 

Masseter 

Zygomatie areh/mandible 

Lateral surface of mandible 

ClosesJaw 

Temporalis 

Temporal bone 


ClosesJaw 

Pterygoids 
(medial and lateral) 

Sphenoid and maxillary 
bones 

Medial and anterior 
surface of mandible 

Elevates and depresses mandible 
Moves mandible from side to side 

Platysma 

Faseia in upper ehest 

Lower mandible 

Draws mouth downward 

Stylohyoid 

Temporal bone 

Flyoid bone 

Depresses hyoid bone and larynx 

Mylohyoid 

Mandible 

Hyoid bone 

Depresses mandible 

Elevates floor of mouth 

Sternoeleidomastoid 

Margins of sternum of 
elaviele 

Mastoid region of skull 

Flexes the neek 

Rotates head 











Table 6.5 IVlyseles of the upper limbs (shoulder, arm and hand) 


IVIysele 

Orígín 

Insertíon 

Functíon 

Levator scapulae 

Transverse proeesses of eervieal 
vertebrae 

Scapula 

Elevates scapula 

Trapezius 

Oeeipital bone and eervieal and 
thoraeie vertebrae 

eiaviele, spine and 
scapula 

Help to extend the head 

Adduct the scapulae when 
shoulders are shrugged or 
pulled baek 

Rotator cuff nnuscles: 
Supraspinatus 
lnfraspinatus 
Subscapularis 

Teres minor 

Teres major 

Posterior surface above and 
below scapula 

Flumerus 

A group of muscles that are 
responsible for angular and 
rotational movements of 
the arm 

Peetoralis major 

eiaviele, sternum and upper ribs 

Humerus 

Flexes and adducts the arm 

IVIaseles that move the forearm 

Bieeps braehii 

Between the scapula and forearm 

Radius 

Flexes and supinates the forearm 

Trieeps braehii 

Between the scapula and forearm 

Ulna 

Extends the elbow/forearm 

Braehialis 

Between humerusand ulna 

Ulna 

Flexes forearm 

IVIuscles that move the hand and fìngers 

Flexor and extensor 
earpi 

Base of seeond and third 
metaearpal bones 

Base of seeond and third 
metaearpals 

Flexion, extension abduction 
and adduction at wrist 

Flexor and extensor 
digitorum 

Posteriorand distal phalanges 

Baseand surface of 
phalanges in fingers 2-5 

Flexion and extension at finger 
Joints and wrist 

Palmaris longus 

Distal end of humerus 

Faseia of palm 

Flexes the wrist 


Table 6.6 l\/luscles of the trunk (thorax and abdomen) 


IVIuscle 

Origìn 

Insertion 

Function 

Internal 

intereostals 

Superior border of 
eaeh rib 

Inferior border of 
preeeding rib 

Depress the rib eage and eontraet during foreed 
expiration 

External 

intereostals 

Inferior border of 

eaeh rib 

Superior border of 
next rib 

Elevate the ribs during inspiration 

Diaphragm 

Ribs 4-10, lumbar 
vertebrae 

Tendon nearto eentre 
of diaphragm 

Gontraets to allow inhalation 

Relaxes to allow exhalation 

Internal and 

external 

obliques 

Between the lower 
ribs and pelvie girdle 

Lower ribs, iliae erest 
and erest of pubis 

Gompress the abdominal eavity and proteet and 
support the abdominal organs 

Rotation of the trunk 

Transversus 

abdominis 

Lower ribs, iliae erest 
and inguinal ligament 

Extend horizontally 
aerosstheabdomen 
from sternum to erest 
of pubis 

Gompress the abdominal eavity, proteet and 
support the abdominal organs 

Rotation of the trunk 

Rectus 

abdominis 

Crest of pubic bone 
and symphysis pubis 

Sternum and ribs 

Gompress the abdominal eavity, proteet and 
support the abdominal organs 

Assists with flexing and rotating the lumbar spine 
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Table 6.7 l\/luscles of the lower limbs (hip, pelvis/thigh and leg) 


IVIasele 

Origín 

Insertion 

Functíon 

Psoas major 

Lumbar vertebrae 

Femur 

Flexes thigh 

Gluteus maximus 

Sacrum, coccyxand 
surface of llium 

Femur and faseia of 
thigh 

Extendsthigh at hip 

Gluteus mediusand minimus 

Surface of llium 

Femur 

Abducts and rotates thigh 

Adductor group 

Pubic bone and 
isehial tuberosity 

Posterior surface of 
femur 

Adducts, flexes, extends and 
rotates thigh 

Quadriceps femoris group 

• Rectus femoris 

• Vastus lateralis 

• Vastus medialis 

• Vastus intermedius 

• Sartorius 

llium, acetabulum 
and femur 
llium 

Patella 

Tibia 

Extends leg at knee 

Flexes, abducts and rotates 
thing to allow erossing of legs 

Hamstring group 

• Bieepsfemoris 

• Semitendinosus 

• Semimembranosus 

Femur, isehial 
tuberosity, iliae spine 

Tibia and head of fibula 

Flexes and rotates leg, abducts, 
rotates and extends thigh 

Posterior eompartment 

• Gastrocnemius 

• Soleus 

• Tibialis posterior 

Femur 

Fibula and tibia 

Tibia and fibula 

Calcaneus (by means of 
the Aehilles tendon) 
Seeond, third and fourth 
metatarsals 

Flexes foot and leg at knee Joint 
Flexes foot 

Flexes and inverts foot 

Anterior eompartment 

• Tibialis anterior 

• Extensor digitorum longus 

Tibia 

Tibia and fibula 

First metatarsal 

Middle and distal 
phalanges of eaeh toe 

Dorsiflexes and inverts foot 
Dorsiflexes and everts foot, 
extends toes 

Lateral eompartment 
• Fibularis longus 

Fibula and tibia 

First metatarsal 

Flexes and everts foot 


Skeletal muscle movement 

Skeletal muscle movement occurs as a result of more than one muscle moving, and muscles 
invariably move in groups. As a general rule, when a muscle eontraets at a joint, one bone 
remains fairly stationary and the other one moves. The origin of a muscle is on the stationary 
bone and the insertion of a muscle is on the bone that moves. The aetion of eaeh muscle is 
dependent upon how the muscle is attaehed to either side of a joint and also the kind of joint 
it is assoeiated with. When a muscle eontraets it produces a speeifie aetion. However, muscles 
ean only pull; they eannot push, as when a muscle eontraets it beeomes shorter. Usually, there 
are at least two opposing muscles (agonist and antagonist) aeting on a joint that bring about 
movement in opposite direetions. An agonist or prime mover is a muscle primarily responsible 
for producing an aetion, while an antagonist of a prime mover causes muscle movement in the 
opposite direetion;for example, an agonist may cause an arm to bend, while the antagonist will 
cause it to straighten. 
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Galea aponeurotica 
(tendinous sheet) 


Frontalis 


Orbicularis 

oculi 


Zygonnaticus 


Orbicularis 

oris 


Depressor 
anguli oris 



Temporalis 


Oeeipitalis 


Masseter 

Buccinator 


Sternoeleidomastoid 


Platysma 


An anterior and lateral view 



Galea aponeurotica 
(tendinous sheet) 


Zygomaticus 

Orbicularis 

oris 

Platysma 


Sternoeleidomastoid 



Frontalis 

Temporalis 

Orbicularis 

oculi 

Masseter 

Buccinator 

Depressor 
anguli oris 


Trapezius 


Platysma 

(cut and refleeted) 


Anterior view 
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Fìgure 6.6 (a, b) Head and neek muscles. 
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(b) 


Trieeps braehii 


Braehiaiis 


Braehioraediaiis 


Extensor earpi Braehioraetiaiis 
raetiaiis 


Fiexor 

earpi 

jinaris 


Extensor earpi 
jinaris 

Extensor 

digitorum 


Radius 


Tendon 

sheaths 



(e) 


Humerus 


Goraeobraehiaiis 


Bieeps braehii 


Fiexor 

digitorum 

superficiaiis 


Pronator teres 

Fiexor earpi 
radiaiis 
Paimaris 
iongus 

Fiexor earpi 
uinaris 

Pronator 

quadratus 



Uina 


(d) 



Trapezius 


Deltoid 


lnfraspinatus 


Teres minor 


Teres major 


Serratus anterior 


Levator 

scapulae 

Rhomboideus 

muscles 



1 



' 1 


Trieeps 

braehii 


Posterior view 


Fìgure 6.7 (a-g) l\/luscles of the upper limbs (shoulcler, arm and hand). 
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Trapezius 


Subclavius 


Peetoralis 
major (cut) 

Peetoralis 

minor 


Internal 

intereostals 


External 

intereostals 



Levator 

scapulae 

Peetoralis 
minor (cut) 


Goraeobraehialis 
Serratus anterior 


Bieeps braehii 


Anterior view 


(f) 



eiavide 

Peetoralis 

major 

Deltoid 


Sternum 


Subscapularis 

Goraeobraehialis 


Teres major 

Bieeps 

braehii 


Anterior view 


Fìgure 6.7 (Continued) 
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Supraspinatus 


Deltoid 


Latissimus 

dorsi 


Ti vertebra 


Supraspinatus 


Teres minor 
lnfraspinatus 


Teres major 


Trieeps 

braehii 


Posterior view 


Fìgure 6.7 (Continued) 


Serratus 

anterior 


External 

oblique 

Aponeurosis 
of external 
oblique 

Linea alba (mid- 
line band of 
dense eonneetive 

tissue) 



External 

intereostal 

External 
oblique (cut) 

Rectus 

abdominis 

Internal 

oblique 


Fìgure 6.8 Trunk (thorax and abdomen). 
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Head of fibula 

Tibialis anterior 

Extensor digitorum 
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Fibularis tertius 


Muscles of the lateral right leg 


173 


Fìgure 6.9 (a-f) Maseles of the lovver limbs (hip, pelvis/thigh and leg). 
































































































































































ehapter 6 


The nnuscular system 


174 




Tensor 

faseiae 

latae 



Muscles that move the thigh 


Gluteus 

maximus 


lliotibial traet 
(band of 
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The iliopsoas muscle and the adductor group 


Fìgure 6.9 (Continued) 
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Oeeipitofrontalis (frontal belly) 


Nasalis 


Orbicularis oris 


Depressor anguli oris 


Epieranial aponeurosis 
Temporalis 

Orbicularis oculi 


Masseter 


Omohyoid 
Sternohyoid 


Latissimus dorsi 


Rectus abdominis 


External oblique 
Braehioradialis 


Extensor earpi radialis 
longus 


Tensor faseiae latae 


lliacus 


Psoas major 


Extensor pollieis 
longus 


Pectineus 


Adductor longus 


Sartorius 


Adductor magnus 


Graeilis 


Vastus lateralis 
Rectus femoris 
Vastus medialis 


Tendon of 

quadriceps 

femoris 


Patella 


Gastrocnemius 


Soleus 


Tibia 


Flexor digitorum longus 


Sternoeleidomastoid 


Trapezius 


Deltoid 

Peetoralis major 
Serratus anterior 


Bieeps braehii 


Trieeps braehii 



Extensor earpi radialis 
longus 

Braehioradialis 
Flexor earpi radialis 

Palmaris longus 

Flexor digitorum 
superficialis 

Flexor earpi ulnaris 
Abductor pollieis longus 


Thenar muscles 


Hypothenar muscles 


Patellar ligament 


Tibialis anterior 


Fibularis longus 


Anterior view 

Fígure 6.10 Anterior view of the major muscles of the body. Source: Tortora and Derriekson (2009). 
Reproduced with permission of John Wiley & Sons. 
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Bieeps braehii 
Braehialis 

Trieeps braehii 


Braehioradialis 


Anconeus 
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radialis brevis 


Extensor digitorum 

Extensor earpi ulnaris 
Flexor earpi ulnaris 

Abductor pollieis longus 
Extensor pollieis brevis 


Epieranial aponeurosis 


Oeeipitofrontalis (oeeipital belly) 


Temporalis 


Sternoeleidomastoid 


Masseter 


Trapezius 



Plantaris 


Gastrocnemius 


Soleus 


Fibularis longus 


Flexor digitorum 
longus 

Oaleaneal 
(Aehilles) tendon 


Fibularis longus 
Soleus 


lnfraspinatus 

Teres minor 
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Latissimus dorsi 


External oblique 

Gluteus medius 

Flexor earpi ulnaris 

Braehioradialis 

Tensor faseiae 
latae 

Gluteus maximus 


Vastus lateralis 


Graeilis 

Adductor magnus 
Semitendinosus 
Bieeps femoris 
lliotibial traet 
Semimembranosus 
Popliteal fossa 
Sartorius 


Flexor hallucis longus 
Extensor digitorum longus 


Posterior view 


Fìgure 6.11 Posterior view of the major muscles of the body. Source: Tortora and Derriekson (2009). 
Reproduced with permission of John Wiley & Sons. 
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Table 6.8 Types of muscle movement 


Aetíon 

Defìnìtìon 

Extension 

inereases the angle or distanee betvveen tvvo bones or parts of the body 

Flexion 

Deereases the angle of a joint 

Abduction 

Moves avvay from the midline 

Adduction 

Moves eloser to the midline 

Circunnduction 

A eombination of flexion, extension, abduction and adduction 

Supination 

Turnsthe palm up 

Pronation 

Turns the palm dovvn 

Plantar flexion 

Lovvers the foot (point the toes) 

Dorsiflexion 

Elevates the foot 

Rotation 

Moves a bone around its longitudinal axis 


Gommon types of body movements include: 

• extension - a movement that inereases the angle or distanee betvveen tvvo bones or parts of 
the body; 

• hyperextension - an extension angle greater than 180°; 

• flexion - the opposite of extension, in that it is a movement that deereases the angle or 
distanee betvveen tvvo bones and brings the bones eloser together and is a eommon 
movement of hinge joints - for example, bending the elbovv or knee; 

• abduction - moving a limb avvay from the midline of the body; 

• adduction - (the opposite of abduction) the movement of a limb tovvards the midline of the body; 

• rotation - a movement eommon to ball-and-soeket joints and is the movement of a bone 
around its longitudinal axis; 

• circumduction - a eombination of abduction, adduction, extension and flexion. 

Table 6.8 provides a summary of the different aetions of muscle movement. 

The effeets of ageíng 

Generally, the size and povver of all muscle tissues vvithin the body deerease as the body ages. 

This ean be attributed to: 

• Loss of elastieity to skeletal muscle - as muscles age they lose their elastieity due to a proeess 
ealled fibrosis (Martini and Bartholomevv, 2012). Fibrosis causes ageing muscles to develop 
inereasing amounts of fibrous eonneetive tissue, vvhieh results in a loss of flexibility, movement 
and circulation. 

• Deerease in size of muscle fibres - as the muscle ages, the number of myofibrils deereases and results 
in a loss of muscle strength and an inereased tendeney for the muscle to fatigue more quickly.This 
tendeney for rapid fatigue also means that vvith age, there is a lovver toleranee for exercise. 

• Age-related reduction in cardiovascular performanee - means that blood flovv to muscles 
does not inerease vvith exercise and the ability to reeover from muscular injuries deereases 
and is likely to result in sear tissue formation. 
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Conclusíon 

l\/luscular tissue is either smooth, eardiae or skeletal and is a speeialised tissue that is structured 
to eontraet. In so doing, it causes movement of bones at a joint or in soft tissues. Through its 
ability to sustain partial eontraetion of muscle, the muscular system also plays an important role 
in maintaining body posture for a long period of time. Skeletal muscle also plays an important 
role in heat production and is able to adjust heat production in extremes of environmental 
temperatures. 
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Aeetyleholìne (ACh) Neurotransmitter responsiblefor the transmission of a nerve impulse aeross a 
synaptie eleft. 

Aeetyleholìnesterase (AChE) Enzyme that breaks down aeetyleholine. 

Aetin One of the two major proteins of muscle that make up the myofibrils of muscle eells. 
Adenosíne tríphosphate (ATP) l\/lolecule used by eells when energy is needed. 

Aerobíe W\tìr\ oxygen. 

Anaerobíe \/\/ithout oxygen. 

Antagoníst l\/luscle that aets in opposition to a prime mover. 

Anteríor Pertaining to the front. 

Aponeurosís l\/lembranous sheet eonneeting a muscle and the part it moves. 

Glyeogen A polysaeeharide that stores energy for muscle eontraetion. 

Lígament Strong eonneetive tissue that eonneets bone. 

Myofíbríl A bundle of myofilaments that eontraets. 

Myasthenía gravís l\/luscle weakness due to an inability to respond to the neurotransmitter ACh. 
Myofíbríl Portion of a muscle fibre that eontraets. 

Myoglobín A red pigment that stores oxygen for muscle eontraetion. 

Posterìor Pertaining to the baek. 

Sareolemma Plasma membrane of a muscle fibre that forms T tubules. 

Sareoplasm Gytoplasm of a musclefibre that eontains organelles, lncluding myofibrils. 

Tendon Tissue that eonneets muscle to bone. 

T tubule Extension of the sareolemma that extends into the muscle fibre. 
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Further readìng 

Myavvare 

http://vvvvvv.nnyavvare.org 

Myavvare is the nanne for the Myasthenia Gravis Assoeiation.This assoeiation offers support to people vvith 
nnyasthenia and their fannilies; they ainn to inerease public and nnedieal avvareness of the eondition and 
to raise funds for researeh and support staff. 


Talkto Frank 

http://vvvvvv.talktofrank.conn 

Provides friendly eonfidential infornnation about drugs. 


Aetìvítìes 

IVIultiple ehoíee questions 

1. How much of the average adult human body is made up of skeletal muscle? 

(a) 40-50% 

(b) 10% 

(e) 30% 

(d) 70% 

2. In an isotonie muscle eontraetion: 

(a) movement of bones does not occur 

(b) both muscle tension and length are ehanged 

(e) the length of the muscle remains eonstant 

(d) the muscle tension remains eonstant 

3. The innermost layer of eonneetive tissue surrounding a skeletal muscle is: 

(a) hypodermis 

(b) perimysium 

(e) endomysium 

(d) epimysium 

4. Which of the follovving statement is nof true of skeletal muscle? 

(a) is under voluntary eontrol 

(b) is not striated 

(e) ean have long muscle fibres 

(d) is usually attaehed to the skeleton 
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5. The energy for muscle eontraetion is most direetly obtained from: 

(a) aerobie respiration 

(b) phosphoereatinine 
(e) anaerobie respiration 

(d) ATP 

6 . Extension of a muscle: 

(a) deereases the angle 

(b) inereases the angle 

(e) is earried out by a flexor 

(d) (b)and(e) 

7. The movable attaehment of muscle to bone is referred to as: 

(a) thejoint 

(b) the origin 

(e) the rotator 

(d) the insertion 

8 . Skeletal muscles move the body by: 

(a) means of neural stimulation 

(b) pulling on the bones of the skeleton 

(e) using the energy of ATP to form ADP 

(d) aetivation of enzyme pathvvays 

9. If additional ATP is required, vvhieh of the follovving ean be used as an alternative energy 
source? 

(a) myosin 

(b) troponin 

(e) ereatine phosphate 

(d) myoglobin 

10. Relaxing and eontraeting the masseter muscle vvould mean that you vvere: 

(a) blinking 

(b) running 

(e) ehevving 

(d) bending dovvnvvards 

True or false 

1. There are tvvo types of muscle tissue. 

2. The majority of ATP used during moderate exercise eomes from anaerobie respiration. 

3. The body's skeletal muscles are divided into six seetions. 

4. When an oxygen debt occurs, the body is required to replenish ereatine phosphate to repay 
the debt. 

5. Adduction isthe movementofa limb tovvards the midlineofthe body. 

6 . There are over 1000 muscles in your body. 

7. Skeletal, or voluntary, muscles are the muscles you eannot eontrol. 

8 . Tendonsconnectmusclestobones. 

9. The liver is a muscle. 

10. A muscle gets strained vvhen it is stretehed too much. 




The nnuscular system 


ehapter 6 



Label the diagram 1 

Label the diagram using the follovving list of vvords: 

Mosele glyeogen, From blood, Glucose, Glyeolysis, 2 ATP (net gain), 2 Pyruvic aeid, 2 Laetie aeid, 
Into blood 



Label the diagram 2 

Label the diagram using the follovving list of vvords: 

Serratus anterior, External oblique, Aponeurosis of external oblique, Linea alba (midline band of 
dense eonneetive tissue), External intereostal, External oblique (cut), Rectus abdominis, Internal 
oblique 
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Aeross: 

1. Procluce the striations in skeletal muscle 
(5, 3,4,9). 

3 . Netvvork of tubes that stores calcium (10,7). 

4 . Glucose is eonverted to this during 
anaerobie respiration ( 7 , 4). 

5 . One of the functions of the muscular 
system (8,4). 

6 . The_of a muscle is on the bone 

that moves (9). 

8 . Movement avvay from the midline (9). 

9 . Reddish-brovvn pigment that stores 
oxygen (9). 

10. Ageing results in this in muscle strength (8). 


Down: 

2 . Provides 95% of the ATP required for 
moderate exercise ( 7 , 11). 

7 . Diamond-shaped muscle (8). 

























































































































The nnuscular system 


ehapter 6 


Find out more 

1. Name and deseribe the three forms of human muscle tissue and list where they are found 
in the body. 

2 . Outline how ATP is supplied to muscles. 

3 . Deseribe the proeesses that enable a muscle to eontraet. 

4 . Explain how ageing affeets skeletal muscle. 

5 . Deseribea neuromuscular junction. 

6 . Why does skeletal muscle appear striated when looked at under the mieroseope? 

7 . What role does calcium play in the muscle? 

8 . What do anabolie and eatabolie mean? 

9 . What does myalgia mean? 

10. What is the other name for the eollarbone? 

eondítions 

The following is a list of eonditions that are assoeiated with the muscular system. Take some 
time and write notes about eaeh of the eonditions. You may make the notes taken from text 
books or other resources (e.g. people you work with in a elinieal area), or you may make the 
notes as a result of people you have eared for. If you are making notes about people you have 
eared for you must ensure that you adhere to the rules of eonfidentiality. 


l\/luscular dystrophy 


Myasthenia gravis 


Fibromyalgia 


Tetanus 


Rigor mortis 
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l\/luscle eramps 


Poliomyelitis 


Rhabdomyolosis 


Sareoma 


Fibrosis 


Botulism 






Myralitharan Nair 



• eompare and eontrast arteries and veins. 

• List the formed elements of the blood. 

• Functions of the blood eells. 

• Discuss the life eyele of a red blood eell. 

• List the functions of the lymphatie system. 


Learning onteomes 

After reading this ehapter you will be able to: 

Discuss the normal eomposition of blood 

• List the functions of the red blood eells, white blood eells and platelets 

• Explain the life eyele of the red blood eells and the white blood eells 

• List some of the differenees between an artery and a vein 

• Discuss the functions of the lymphatie circulation 


Fundamentals ofAnatomy and Physiology: For Nursing and Heaitheare Students, Seeond Edition. Edited by lan Peate and Moralitharan Nair. 
© 2017 John VViley & Sons, Ltd. Poblished 2017 by John VViley & Sons, Ltd. 

Stodent eompanion vvebsite: vvvvvv.vvileyfundamentalseries.com/anatomy 
lnstructor eompanion vvebsite: vvvvvv.vviley.com/go/instructor/anatomy 
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Heart 



Blood 

vessels: 



lntroductìon 

The circulatory system is a complex system of clistribution of nutrients, gases, eleetrolytes, 
removal ofvvaste proclucts of metabolism and othersubstances.Thecirculatory system includes 
the heart the blood, the blood vessels and the lymphatie system.The blood vessels transport 
blood throughout the body. Blood eonsists of formed elements and a fluid portion ealled 
plasma. The blood vessels form a netvvork that allovvs blood to flovv from the heart to all living 
eellsand baektothe heart. Blood has numerousfunctions, including transportation of nutrients, 
respiratory gases such as oxygen and earbon dioxide, nutrients, metabolie vvastes such as urea 
and uric aeid, hormones, eleetrolytes and antibodies. As the blood is circulating throughout the 
body, eells are eonstantly extracting nutrients, hormones, eleetrolytes, oxygen and other sub- 
stanees and excreting unvvanted vvastes into the blood. Blood is transported throughout the 
body by a netvvork of blood vessels leading avvay and returning to the heart. The main types of 
blood vessels include arteries, arterioles, eapillaries, venules and veins. Another important 
part of the circulatory system is the lymphatie system, vvhieh drains the fluid ealled lymph. 
The lymphatie system eonsists of the lymph vessels, lymph nodes and lymph glands such as 
the spleen and the thymus gland. This ehapter vvill focus on the eomposition, structure and 
functions of various blood eells, discuss the structure and functions of the blood vessels, faetors 
affeeting blood pressure and the structure and functions of the lymphatie system. 


eomponents of blood 

Blood eonsists of formed elements such as red blood eells (erythroeytes), leucocytes (vvhite 
blood eells) and platelets. The fluid portion of blood is ealled plasma, vvhieh eontains different 
types of proteins and other soluble molecules. When a blood sample is centrifuged, the formed 
elements account for 45% of the blood and plasma makes up 55% of the total blood volume. 
Normally, more than 99% of the formed elements are eells named for their red colour (red blood 
eells). White blood eells (pale in appearanee) and platelets eomprise less than 1% of the formed 
elements. Betvveen the plasma and erythroeytes lies the buffy eoat vvhieh eonsists of vvhite 
blood eells and platelets (see Figure 7.1 ).The pereentage of the formed elements constitutes the 
haematoerit or paeked eell volume. Haematoerit is a blood test that measures the pereentage of 
red blood eells in vvhole blood.The volumeof blood iseonstant unlessa person has physiologieal 
problems, such as haemorrhage. 
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Thus, blood is eomposed of plasma, a yellovvish liquid eontaining nutrients, hormones, 
minerals and various eells, mainly red blood eells, vvhite blood eells and platelets (see Figure 7.2). 
Both the formed elements and the plasma play an important role in homeostasis. 



Plasma (55%) - 


Red blood eells - 
(45%) 



Buffy eoat, 
eomposed of 
white blood eells 
and platelets 


Appearanee of centrifuged blood 

Fìgure 7.1 Gomponents of blood.5oi/rce:Tortora and Derriekson (2009). Reproduced vvith permission 
of John Wiley & Sons. 
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Fìgure 7.2 Cells of the blood. Soi/ree: Tortora and Derriekson (2009). Reproduced vvith permission of 
John Wiley & Sons. 
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Propertìes of blood 

The average adult has a blood volume of approximately 5 U which eomprises about 7-9% of the 
body's weight. Men have 5-6 L and women 4-5 L. Blood is thieker, denser and flows much slower 
than water due to the red blood eells and plasma proteins such as albumin and fibrinogen. 
Plasma proteins, including albumin, fibrinogen, prothrombin and the gamma globulins, eonsti- 
tute about 8% of the blood plasma in the body.These proteins help maintain water balanee, and 
they affeet osmotie pressure, inerease blood viseosity and help maintain blood pressure. All the 
plasma proteins except the gamma globulins are synthesised in the liver. 

The normal osmolality of extracellular fluid is 285-295 mosmol/kg. The osmolality of the 
blood is important for the eells to survive. If the osmolality is approximately 600 mosmol, the red 
blood eells could erenate (shrivel up) and die, and if the osmolality is below 150 mosmol, 
haemolysis (rupture) of the red blood eells could occur. Massive haemolysis ean be fatal. Plasma 
osmolality is tightly eontrolled by homeostatie meehanisms. Ghanges in plasma osmolality are 
deteeted by osmoreeeptors in the circulatory system. If the osmolality is too low (i.e. the blood 
is too dilute) the seeretion of antidiuretic hormone (ADH) is switched off, and the blood slowly 
eoneentrates as water is excreted into the urine. Dehydration causes ADH to be switched on and 
water eonserved. In order to avoid erenation or haemolysis, intravenous infusion fluids should 
have an osmolality as elose to plasma as possible. A solution that has the same osmotie pressure 
as another is ealled isotonie. An isotonie solution generally assumes that a solution will have the 
same osmolality as blood. 

Blood has a high viseosity, which offers resistanee to blood flow. The red blood eells and 
proteins contribute to the viseosity of the blood, which ranges from 3.5 to 5.5 eompared with 
1.000 for water. Viseosity means stiekiness of blood, and the normal viseosity of blood is low, 
allowing it to flow smoothly. However, the more red blood eells and plasma proteins in blood, 
the higher the viseosity and the slower the flow of blood. Normal blood varies in viseosity as it 
flows through the blood vessels, but the viseosity deereases as it reaehes the eapillaries. The 
speeifie gravity (density) of blood is 1.045-1.065 eompared with 1.000 for water, and the pH of 
blood ranges from 7.35 to 7.45 (Nair, 2013). 


Plasma 

Blood plasma is a pale yellow-coloured fluid and its total volume in an adult is approximately 
2.5-3 L. Blood plasma is approximately 91% water and 10%solutes, mostofwhich are proteins. 
Plasma constitutes approximately 55% of blood's volume (see Figure 7.2). See Table 7.1 for the 
eomposition of plasma. 

Water ìn plasma 

Water constitutes approximately 91 % of plasma and is available to eells, tissues and extracellular 
fluid of the body to maintain homeostasis. It is eonsidered the liquid portion of the blood. It is a 
solvent where ehemieal reaetions between intracellular and extracellular reaetions occur. Water 
eontains solutes, for example, eleetrolytes whose eoneentrations ehange to meet body needs. 


Functìons of blood 

The functions of the blood are 

• TransportatìonrThe blood is the means whereby all nourishment and respiratory gases are 
transported into and out of the eells. 
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Table 7.1 Gompositions of plasma and their functions 


Substances 

Functìons 

Water 91% 

Lubricates, transports, heat distribution and a solvent 

Plasma protein 
» Albumin 

• Globulin 

• Prothrombin 

• Fibrinogen 

Responsible for eolloid osmosis, provides blood viseosity, transports hormones, fatty aeids 
and calcium. Proteetion from infeetions.Transport of insoluble substances by allovving 
them to bind to protein molecules. Regulates pFI of blood. An imbalanee of plasma 
proteins ean lead a patient to experience symptoms ranging from abnormally dilated 
blood vessels to a vveakened immune system. 

Eleetrolytes 

• Sodium 

• Potassium 

• Calcium 

• Biearbonate 

• Phosphate 

• ehloride 

Help maintain osmotie pressure and eell functions 

Nutrients 

• Aminoaeids 

• Fattyaeids 

• Glucose 

• Glyeerol 

• Vitamins 

• Minerals 

Cell function grovvth and development 

Gases 

Cellular function and regulation of blood pH 

Enzymes, hormones 
and vitamins 

ehemieal reaetions, regulate grovvth and development and eofaetors for enzymatie 
reaetion 

Waste products 

• Urea 

• Uricacid 

• Greatinine 

• Bilirubin 

• Ammonia 

Broken dovvn and transported by blood to organs of excretion 


Soaree: Adapted from Jenkins and Tortora (2013). 


• Maìntaínìng body temperature: Blood helps to maintain the body temperature by distributing 
the heat produced by the ehemieal aetivity of the eells evenly, throughout the body. 

• Maìntaíníng the aeíd-base balanee: Blood pH is maintained by the excretion or reabsorption 
of hydrogen ions and biearbonate ions. 

• Regulatìon of fluìd balanee: When the blood reaehes the kidneys, excess fluid is excreted or 
reabsorbed to maintain fluid balanee. 

• Removal of waste products: The blood removes all waste products from the tissues and 
eells. These waste products are transported to the appropriate organs for excretion - lungs, 
kidneys, intestine, skin and so on. 

• Blood elottìng: By the meehanism of elotting, lossof blood eellsand bodyfluids is prevented. 

• Defenee aetìon: The blood aids in the defenee of the body against the invasion of 
mieroorganisms and their toxins due to 

o the phagoeyte aetion of neutrophils and monoeytes; 
o the presenee of antibodies and antitoxins. 
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eiiníeal eonsideratíons ~ 

Blood transfosíon 

The main reason for a red blood eell transfusion is to treat anaemia. Anaemia occurs when the body 
does not have enough red, oxygen-carrying blood eells, which means the body's tissues and eells 
are not getting enough oxygen. Blood is usually administered through a plastie tube inserted into 
a vein in the arm. It ean take between 30 min and 4 h, depending on how much blood is needed. 

In the LIKand otherVVestern countries, there are rigorous regulations regarding blood donations 
and blood transfusions. The aim of the regulations is to minimise the risk of a person being given 
blood eontaminated with a virus, such as hepatitis or reeeiving blood from a blood group that is 
unsuitableforthem. 

Nurses need to adhere to loeal and professional polieies when setting up a blood transfusion. 
Some of the eheeks earried out include: 

• that the patient is wearing an identifìeation braeelet with their last name, first name, date of 
birth and NHS number; 

• date and time the transfusion is required; 

• patient's blood group; 

• presenee of known antibodies/allergies; 
gender; 

• diagnosis; 

• informed eonsent. 

See Dougherty and Lister (2011). 


Formatìon of blood eells 

Red blood eells and most white blood eells and platelets are produced in the bone marrow. 
The red blood and white blood eells and the platelets are the formed elements of blood 
(see Figure 7.3). The bone marrow is the soft fatty substance found in bone eavities. VVithin the 
bone marrow, all blood eells originate from a single type of unspecialised eell ealled a stem eell. 
VVhen a stem eell divides, it first beeomes an immature red blood eell, white blood eell or platelet- 
producing eell. The immature eell then divides, matures further and ultimately beeomes a 
mature red blood eell, white blood eell or platelet (see Figure 16.1). 

In order to produce blood eells, multipotent (also ealled pluripotent) stem eells divide into 
myeloid and lymphoid stem eells in the bone marrow.The myeloid stem eells further subdivide 
in the bone marrow to produce red blood eells, platelets (thromboeytes), basophils, eosinophils, 
neutrophils and monoeytes. The lymphoid stem eells begin the development in the bone 
marrow as B- and T-lymphoeytes. B-lymphoeytes contlnue development in bone marrow, 
before migrating to other lymph organs such as lymph nodes, spleen or tonsils.T-lymphoeytes 
continue their development in the thymus, and may then migrate to other lymph tissues. 

Red blood eells 

Red blood eells (also known as erythroeytes) are the most abundant blood eells. They are 
bieoneave dises (see Figure 7.4) and eontain oxygen-carrying protein ealled haemoglobin. 
The bieoneave shape is maintained by a network of proteins ealled speetrin. This network of 
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Fìgure 7.3 Formed elements of blood. 




Surface view 



Seetioned view 
RBC shape 

Fìgure 7.4 Red blood eells. Soi/ree: Tortora and Derriekson (2009). Reproduced with permission of 
John Wiley &Sons. 

protein allows the red blood eells to ehange shape as they are transported through the blood 
vessel. The plasma membrane of a red blood eell is strong and flexible. There are approxi- 
mately 4 million to 5.5 million red blood eells in eaeh cubic millimetre of blood.They are a pale 
buff colour that appears lighter in the eentre. Young red blood eells eontain a nucleus; how- 
ever, the nucleus is absent in a mature red blood eell and without any organelles such as 
mitoehondria, thus inereasing the oxygen-carrying eapaeity of the red blood eell. 

The main function of haemoglobin in the red blood eell is to transport oxygen and earbon 
dioxide (approximately 20%). As the blood flows through the eapillaries in the tissues, earbon 
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dioKÌde is pieked up by the haemoglobin and oxygen is released. As the blood reaehes the lungs, 
earbon dioxide is released and oxygen is pieked up by the haemoglobin molecules. As red blood 
eells laek mitoehondria to produce energy (adenosine triphosphate), they utilise anaerobie 
respiration to produce energy and do not use any of the oxygen they are transporting. Apart 
from transporting oxygen and earbon dioxide, the haemoglobin plays an important role in 
maintaining blood pressure and blood flow. 





:iicines management 


Iron defìeieney anaemía 

Treatment for iron defìeieney anaemia usually involves taking iron supplements and ehanging the 
diet to inerease the iron levels, as well as treating the underlying cause. Iron supplement may be 
preseribed to restore the iron missing from the body. The most eommonly preseribed supplement 
is ferrous sulphate which is taken as a tablet two or three times a day. Nurses need to be aware that 
patients on iron tablets may experience: 


abdominal pain 

eonstipation or diarrhoea 

heartburn 

feeling siek 

blaek stools (faeees). 


Blaek stools may also result from an upper gastrointestinal bleed. If these symptoms persist 
advise the patient to see their GP so that prompt aetion ean be taken to alleviate the side effeets. 

See NHS Ghoiees (2014). 


Haemoglobin 

Haemoglobin is eomposed of a protein ealled globin bound to the iron-eontaining pigments 
ealled haem. Eaeh globin molecule has four polypeptide ehains eonsisting of two alpha and two 
beta ehains (see Figure 7.5). Eaeh haemoglobin molecule has four atoms of iron, and eaeh atom 
of iron transports one molecule of oxygen; therefore, one molecule of haemoglobin transports 
four molecules of oxygen.There are approximately 250 million haemoglobin molecules in one 
red blood eell; therefore, one red blood eell transports 1 billion molecules of oxygen. At the 
eapillary end the haemoglobin releases the oxygen molecule into the interstitial fluid, which is 
then transported into the eells. 


Formatìon of red blood eells 

Erythroblasts undergo development in the red bone marrow to form red blood eells 
(see Figure 16.1). During maturation, red blood eells lose their nucleus and organelles and 
gain more haemoglobin molecules, thus inereasing the amount of oxygen they transport. 
l\/lature red blood eells do not have a nucleus; their life span is approximately 120 days. It is 
estimated that approximately 2 million red blood eells are destroyed per seeond; however, an 
equal number are replaeed eaeh time to maintain the balanee. The production of red blood 
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Fìgure 7.5 Haemoglobin molecule. Soi/ree:Tortora and Derriekson (2009). Reproduced with permission 
of John Wiley & Sons. 



A patient wíth folíe aeíd defìeíeney anaemía 

Boon Sew is an 84-year-old man who lives alone. His wife passed away 3 years ago and he still 
misses her eompany. He has two grown-up ehildren and they visit him regularly. He tells his son, 
when he visited him on Father's Day, that lately he is feeling very tired and does not feel like eooking 
a meal for himself. All he wants to do is rest and go to sleep. Goneerned, his son informs him to see 
hisGPfora check-up. 

Boon made an appointment and saw his GP. At the surgery, he informs the doetor that preparing 
a meal for one person seems senseless and at times he just has light breakfast and couple of sliees 
of bread at lunch time and soup with bread at 7 p.m. and that has been his meal for a couple of 
weeks. 

Boon's physieal assessment and vital signs reeording are as follows: weight 65 kg; temperature 
36 °C; pulse 110 beats per minute; respiration 23 breaths per minute; blood pressure 90/52 mmHg. 

His GP earried out some blood tests and sees Boon when the results of his blood tests are ready. 
The test revealed that Boon has folie aeid defieieney anaemia. He is eommeneed on oral folie aeid 
supplement and referred to the praetiee nurse for dietary adviee. 

Boon is seen by his GP after a couple of weeks. He has gained weight (0.55 kg) and informs the 
doetorthathefeelsthat hehasmoreenergyin himand heisabletodohishouseworkandshopping 
without feeling too tired. 


eells is eontrolled by the hormone erythropoietin. Other essential eomponents for the synthe- 
sis of red blood eells include: 

• iron 

• folieaeid 

• vitamin B^^- 
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Erythropoietin is a hormone produced by the kidneys, which is then transported by the blood 
to the bone marrow. In the bone marrow erythropoietin stimulates the production of red blood 
eells, which then enterthe bloodstream.The production and release of erythropoietin isthrough 
a negative feedbaek system (see Figure 7.6). 

Lífe eyele of the red blood eell 

Without a nucleus and other organelles the red blood eell eannot synthesise new structures to 
replaee the ones that are damaged. The breakdown (haemolysis) of the red blood eell is earried 
out by maerophages in the spleen, liver and the bone marrow (see Figure 7.7). The globin is 
broken down into amino aeids and reused for protein synthesis. Iron is separated from haem 
and is stored in the muscles and the liver and reused in the bone marrow to manufacture new 
red blood eells. Haem is the portion of the haemoglobin that is eonverted to bilirubin and is 
transported by plasma albumin to the liver and eventually seereted in bile. In the large intestine, 
baeteria eonvert bilirubin into urobilinogen, some of which is reabsorbed into the bloodstream 
where it is eonverted into a yellow pigment ealled urobilin, which is excreted in urine, giving the 
urine a yellowish colour. The remainder of the urobilinogen is eliminated in faeees as a brown 
pigment ealled stereobilin. 


Deereased level of oxygen to 
tissue as a result of hypoxia 


Reeeptors in the kidney 
deteet low oxygen level 


* 




Kidney inereases the 
production of erythropoietin 


Erythropoietin transported by 
the blood to the bone nnarrow 



inereased production of red 

blood eells 






/Á 


inereased level of red blood 

eell 
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Return to 
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Fìgure 7.6 Negative feedbaek for erythropoiesis. 
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Fìgure 7.7 Destruction of the red blood cell.5oi/rce:Tortora and Derriekson (2009). Reproduced with 
permission of John Wiley & Sons. 

Transport of respíratory gases 

The major role of red blood eells is to transport oxygen from the lungs to the tissues.The oxygen 
in the alveoli (air sae) of the lungs eombines with iron molecules in the haemoglobin to form 
oxyhaemoglobin.This is then transported by the blood to the tissues. As the oxygen level in the 
red blood eell inereases it beeomes bright red, and when the level of oxygen eontent drops the 
colour ehanges to dark bluish-red. 

In addition to transporting oxygen from the lungs to the body tissues, red blood eells transport 
earbon dioxide from the tissues to the lungs. Garbon dioxide is transported in three ways: 

• 10% of the earbon dioxide is dissolved in the plasma; 

• 20% of the earbon dioxide eombines with haemoglobin of the red blood eell to form 
earbaminohaemoglobin; 

• 70% of the earbon dioxide reaets with water to form earbonie aeid, which is eonverted to 
biearbonate and hydrogen ions: 


earbonie 

eO^+H^O ^ ^ Heoj + 

earbonie biearbonate 

aeid ion 


H^ 

hydrogen 

ion 


The reaetion occurs primarily in red blood eells, which eontain large amounts of earbonie 
anhydrase (an enzyme that faeilitates the reaetion). Onee the biearbonate ions are formed, they 
move out of the red blood eells into the plasma. 
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Whìte blood eells 

White blood eells are also known as leucocytes.There are approximately 5000-10,000 white blood 
eells in every cubic millimetre of blood.The number may inerease in infeetions to approximately 
25,000 per cubic millimetre of blood. An inerease in white blood eells is ealled leukocytosis, and an 
abnormally low level of white blood eell is ealled leukopenia. Llnlike red blood eells, white 
blood eells have nuclei and they are able to move out of blood vessel walls into the tissues. 
White blood eells are able to produce a continuous supply of energy, unlike the red blood eells. 
They are able to synthesise proteins, and thus their life span ean be from a few days to years. 
There are two main types of white blood eells: 

• granulocytes (eontain granules in the eytoplasm) 
o neutrophils 
o eosinophils 
o basophils; 


• agranulocytes (despite the name eontain a few granules in the eytoplasm) 
o monoeytes 
o lymphoeytes. 


Neutrophíls 

Neutrophils are the most abundant white blood eells and play an important role in the immune 
system.They form approximately 60-65% ofgranulocytes and are phagoeytes.They areapprox- 
imately 10-12 pm in diameterand eapableof ingesting mieroorganisms.They eontain lysozymes; 
therefore, their main function is to proteet the body from any foreign material.They are eapable 
of moving out of blood vessel walls by a proeess ealled diapedesis and are aetively phagoeytie. 
A non-aetive neutrophil lasts approximately 12 h, while an aetive neutrophil may last 1-2 days. 
Neutrophils are thefirst immune eells to arrive at a site of infeetion, through a proeess known as 
chemotaxìs. A defieieney of neutrophils is ealled neutropenìa, which may be eongenital or 
acquired; for example, in eertain kinds of anaemia and leukaemia, or as a side effeet of 
ehemotherapy. Sinee neutrophils are such an important part of the immune response, a lowered 
neutrophil count results in a eompromised immune system. 

The nuclei of the neutrophils are multi-lobed (see Figure 7.8). The number of neutrophils 
inereasesin 

• pregnaney 

• infeetion 



Granules in the 
eytoplasm 


Multi-lobed nucleus 


Fìgure 7.8 Neutrophil. Soi/ree: Tortora and Derriekson (2009). Reproduced with permission of John 
Wiley &Sons. 
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• leukaemia 

• metabolie disorders such as acute gout 

• inflammation 

• myoeardial infaretion. 


Eosínophíls 

Theseform approKÌmately 2-4%ofgranulocytesand have B-shaped nuclei (see Figure 7.9). Like 
neutrophils, they too migrate from blood vessels and they are 10-12 pm in diameter. They are 
phagoeytes; hovvever, they are not as aetive as neutrophils. They eontain lysosomal enzymes 
and peroxidase in their granules, vvhieh are toxic to parasites, resulting in the destruction of 
the organism. Numbers inerease in allergy (e.g. hay fever and asthma) and parasitie infeetion 
(e.g. tapevvorm infeetion). 
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Basophíls 

Basophils are least abundant accounting for approximately 1% of granulocytes, and eontain 
elongated lobed nuclei (see Figure 7.10). Basophils are 8-10 pm in diameter. In inflamed 
tissue they beeome mast eells and seerete granules eontaining heparin, histamine and 
other proteins that promote inflammation.They also seerete lipid mediators like leukotrienes 
and several eytokines. Basophils play an important role in providing immunity against 
parasites and also in the allergie response, as they have immunoglobulin E (IgE) on their 
surface and release ehemieal mediators that cause allergie symptoms vvhen the IgE binds to 
its speeifie allergen. 



Fìgure 7.9 Eosinophil. Soi/ree: Tortora and Derriekson (2009). Reproduced vvith permission of John 
Wiley &Sons. 


Nucleus obscured 
by the granules 



Large granules 


Fìgure 7.10 Basophil. Soi/ree: Tortora and Derriekson (2009). Reproduced vvith permission of John 
Wiley &Sons. 
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Monoeytes 

Monoeytes account for 5% of the agranulocytes and are circulating leucocytes (see Figure 7.11). 
Monoeytes develop in the bone marrovv and spread through the body in 1-3 days. They are 
approximately 12-20 pm in diameter. The nucleus of the monoeyte is kidney- or horseshoe- 
shaped. Some of the monoeytes migrate into the tissue, vvhere they develop into maerophages 
and engulf pathogens or foreign proteins. Maerophages play a vital role in immunity and 
inflammation by destroying speeifie antigens. 
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Lymphoeytes 

Lymphoeytes account for 25% of the leucocytes, and most are found in the lymphatie tissue 
such as the lymph nodes and the spleen (see Figure 7.12). Small lymphoeytes are approxi- 
mately 6-9 pm in diameter, vvhile the larger ones are 10-14 pm in diameter. They get their 
namefrom the lymph,thefluid thattransportsthem.They ean leaveand re-enterthecirculatory 
system, and their life span ranges from a fevv hours to years. The main differenee betvveen 
lymphoeytes and other vvhite blood eells is that lymphoeytes are not phagoeytes. Tvvo types 
of lymphoeytes are identified, and they are T- and B-lymphoeytes. T-lymphoeytes originate 
from the thymus gland (henee the name), vvhile B-lymphoeytes originate in the bone marrovv. 
T-lymphoeytes mediate cellular immune response, vvhieh is part of the body's ovvn defenee. 
The B-lymphoeytes, on the other hand, beeome large plasma eells and produce antibodies 
that attaeh to antigen. 




all 1600 x 


Horseshoe kidney 
shaped nucleus 


Fìgure 7.11 Monoeytes. Soi/ree: Tortora and Derriekson (2009). Reproduced vvith permission of John 
Wiley &Sons. 



Large nucleus 


Fìgure7.12 Lymphocyte.5oi/rce:Tortora and Derriekson (2009). Reproduced vvith permission of John 
Wiley &Sons. 
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Platelets 

Platelets are small blood eells eonsisting of some eytoplasm surrounded by a plasma membrane. 
They are produced in the bone marrovv from megakaryoeytes and fragments of megakaryoeytes 
breakoff to form platelets. They are approximately 2-4 pm in diameter but have no nucleus and 
the life span is approximately 5-9 days. Old and dead platelets are removed by maerophages in the 
spleen and the Kupffer eells in the liver. The surface of platelets eontains proteins and glyeopro- 
teins that allovv them to adhere to other proteins such as eollagen in the eonneetive tissues. 
Platelets play a vital role in blood loss by theformation of platelet plugs, vvhieh seal the holes in the 
blood vessels and release ehemieals that aid blood elotting. If the platelet number is lovv, excessive 
bleeding ean occur; hovvever, if the number inereases, blood elots (thrombosis) ean form, leading 
to cerebrovascular aeeident deep vein thrombosis, heart attaek or pulmonary embolism. 
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Haemostasìs 

Haemostasis is a sequence of responses that stops bleeding and ean prevent haemorrhage from 
smaller blood vessels. Haemostasis plays an important part in maintaining homeostasis, and it 
eonsists of three main eomponents: 

• vasoeonstrietion 

• platelet aggregation 

• coagulation. 

Vasoeonstríetion 

• Results from eontraetion of the smooth muscle of the vessel vvall, a reaetion ealled vascular 
spasm. 

• eonstrietion bloeks small blood vessels, thus preventing blood flovv through them. 

• The aetion of the sympathetie nervous system is to cause vasoeonstrietion, vvhieh restriets 
blood flovv for several minutes or several hours. 

• Platelets release thromboxanes, vvhieh belong to the lipid group eieosanoids. Thromboxanes 
are vasoeonstrietors and potent hypertensive agents; they faeilitate platelet aggregation. 

Platelet aggregation 

• Platelets adhere to the exposed eollagen fibres of the eonneetive tissue of the damaged blood 
vessels. 

• Platelets release adenosine diphosphate, thromboxane and other ehemieals that make other 
platelets in the area stiek, and they all clump together to form a platelet plug. Platelet plugs 
are very effeetive in preventing blood loss in small blood vessels, and vvith fibrin threads form 
tight plugs. 

Coagulatìon 

Blood coagulation is an important proeess to maintain homeostasis. If blood vessel damage is so 
extensive that platelet aggregation and vasoeonstrietion eannot stop the bleeding, the eompli- 
eated proeess of coagulation (blood elotting) vvill begin to take plaee vvith the aid of elotting 
faetors (see Table 7.2). Coagulation faetors are a group of proteins essential for elotting, and 
most of the elotting faetors are synthesised in the liver and some are obtained from our diet. 



ehapter 7 


Circulatory system 


200 


Table 7.2 Blood elotting faetors 

Faetor 

eommon name 

1 

Fibrinogen 

II 

Prothrombin 

V 

Proaeeelerin, labile faetor 

VII 

Proeonvertin 

VIII 

Antihaemophilie faetor A 

IX 

Antihaemophilie faetor B 

X 

Thrombokinase, Stuart-Prower faetor 

XI 

Antihaemophilie faetor C 

XII 

Hageman faetor 

XIII 

Fibrin stabilising faetor 


The simplified elotting stages involve the follovving: 

1 . Thromboplastinogenase is an enzyme released by the blood platelets and eombines 
vvith antihaemophilie faetor to eonvert the plasma protein thromboplastinogen into 
thromboplastin. 

2. Thromboplastin eombines vvith calcium ions to eonvert the inaetive plasma protein 
prothrombin into thrombin. 

3. Thrombin aets as a eatalyst to eonvert the soluble plasma protein fibrinogen into insoluble 
plasma protein fibrin. 

4. The fibrin threads trap blood eells to form a elot. 

5. Onee the elot is formed, the healing of the damaged blood vessel takes plaee, vvhieh restores 
the integrity of the blood vessel. 

Tvvo pathvvays vvere identified in triggering a blood elot: intrinsie and extrinsic pathvvays. 

The extrinsic pathvvay is a rapid elotting system aetivated vvhen the blood vessels are ruptured 

and tissue damage takes plaee.The intrinsie pathvvay is slovver than the extrinsic pathvvay and is 

aetivated vvhen the inner vvalls of the blood vessels are damaged. 

eiinieal eonsiderations n 

eiotting dísorders 

Sometimes a blood elot forms vvithin a blood vessel that has not been injured or cut. For example: 

• A blood elot that forms vvithin an artery supplying blood to the heart or brain is the eommon 
cause of heart attaek and stroke. The platelets beeome stieky and clump next to patehes of 
atheroma (fatty material) in blood vessels and aetivate the elotting meehanism. 

(Continued) 
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® Sluggish blood flow ean make the blood elot more readily than usual.This is a faetor in deep vein 
thrombosis, which is a blood elot that sometimes forms in a leg vein. 

• Gertain genetie eonditions ean make the blood elot more easily than usual. 

• Gertain medieines ean affeet the blood elotting meehanism, or inerease the amount of some 
elotting faetors, which may result in the blood elotting more readily. 

• Liver disorders ean sometimes cause elotting problems, as your liver makes some of the ehemieals 
involved in preventing and dissolving elots. 

There are a number of different tests. The ones ehosen depend on the circumstances and the 
suspected problem. Some of them include: 

Blood count - full blood count is a routine blood test that ean count the number of red eells, 
white eells and platelets per millilitre of blood. It will deteet a low level of platelets. 

• Bleeding time - in this test a tiny cut is made in your earlobe or forearm and the time taken for 
the bleeding to stop is measured. It is normally 3-8 min. 

• Blood elotting tests - there are a number of tests that may be done. For example, the'prothrombin 
time'and the'aetivated partial thromboplastin time'are eommonly done. These tests measure 
the time it takes for a blood elot to form after eertain aetivating ehemieals are added to the blood 
sample. 

Platelet aggregation test - this measures the rate at which, and the extent to which, platelets 
form clumps (aggregate) after a ehemieal is added that stimulates aggregation. It tests the func- 
tion of the platelets. 

See Knott (2012). 


Medieines management 

Anticoagulants 

Anticoagulant medieines reduce the ability of the blood to elot.This is neeessary if the blood elots 
too much, as blood elots ean bloek blood vessels and lead to eonditions such as a stroke or a heart 
attaek.The two most eommon anticoagulant medieines are: 

• heparin 

• warfarin. 

Rixaroxaban, dabigatran and apixaban are newer anticoagulants that may be used as an 
alternative to warfarin for eertain eonditions. Some of the side-effeets include: 

• passing blood in the urineorstool 

• severe bruising 

• excessive bleeding (haemorrhages) 

• bleeding gums 

• prolonged nose bleeds 

iContinued) 
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• passing blaekfaeees 

• difficulty in breathing/ehest pain 

• in women, heavy or inereased bleeding during your period, or any other bleeding from your 
vagina. 

Patients taking anticoagulant medieines should be monitored elosely to eheek that they are on 
the eorreet dose and not at risk of excessive bleeding (haemorrhages). The most eommon test for 
this is the international normalisation ratio. 

See NHS Ghoiees (2015). 


Snapshot 

Haemophilia 

Jonathan Gray is a 25-year-old student nurse in histhird yearof nursing education. He loves playing 
rugby during the weekend. One Saturday, when playing rugby, Jonathan reeeived a blow to his 
faee during a rugby taekle. His nose started to bleed heavily and did not stop. He was rushed to the 
loeal A&E department with a severe nose bleed. 

He was seen by the triage nurse and during the assessment Jonathan informed the nurse that he 
has haemophilia.The nurse reeorded his vital signs as temperature 37 °C, pulse 68 beats per minute, 
respiration 16 breaths per minute and blood pressure 116/60 mmHg. He also informed the nurse that 
he was told to avoid eontaet sports but said that'playing rugby is in my blood'. 

He was also seen by the duty doetor, who earried out some blood tests. The result of the test 
indieated that his prothrombin and bleeding times were normal. 

Jonathan was treated with desmopressin, a synthetie hormone. Hormones are powerful 
ehemieals that ean have a wide range of effeets on the body. Desmopressin works by stimulating 
the production of elotting faetor VIII (8) and is usually given by injeetion. 

He was admitted for overnight observations and to assess the effeet of the treatment. 


Blood groups 

It is the red blood eells that define which blood group an individual belongs to. On the surface 
of the red eells there are markers ealled antigens, which are so small they eannot even be seen 
under a mieroseope. Apart from identieal twins, eaeh person has different antigens, and these 
antigens are the key to identifying blood types and must be matehed in transfusions to avoid 
serious eomplieations.The structurefor defining blood groups is known as the ABO system. If an 
individual has blood group A, then they have A antigens eovering their red eells. Group B has 
B antigens on their red blood eell, while group O has neither antigens and group AB has both 
antigens (Tortora and Derriekson, 2011). 

The ABO system also eovers antibodies in the plasma that are the body's natural defenee 
against foreign antigens. So, for example, blood group A has anti-B in their plasma, B has anti-A, 
and so on. However, group AB has no antibodies and group O has both (see Figure 7.13). If these 
antibodies find the wrong red blood eells, they will attaek them and destroy them. That is why 
transfusing the wrong blood to a patient ean be fatal. 
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Fìgure 7.13 ABO blood groups. Soi/ree: Tortora and Derriekson (2009). Reproduced with permission 
of John Wiley & Sons. 


Table 7.3 Blood groups 


Blood type 

Antìgens 

Antibodìes 

Can donate blood to 

Can reeeíve blood from 

A 

Antigen A 

Anti-B 

A, AB 

A,0 

B 

Antigen B 

Anti-A 

B, AB 

B,0 

AB 

Antigen A 

None 

AB 

A, B, AB, 0 


Antigen B 




0 

None 

Anti-A 

A, B, AB, 0 

0 



Anti-B 




There is also another faetor (faetor D) to be eonsidered - the rhesus faetor (Rh) system. 
Rh antigens ean be present in eaeh of the blood groups. Not everyone has the Rh antigen on 
the red blood eell; however, if a person has Rh antigen on their red blood eells then they are 
Rh positive and if they do not have the Rh antigen then they are Rh negative. A person with 
blood group Aand Rh positive is known as A+, while ifthe Rh is negative they are A-.The same 
applies for B, AB and O. In the UK, approximately 85% of the population are rhesus positive; 
that is, they possess faetor D on their red blood eells. The remaining 15% of the population 
are rhesus negative as their red blood eells do not have faetor D. It is important to eonsider the 
rhesus faetor when eross-matehing and transfusing blood to patients to avoid unnecessary 
eomplieations such as agglutination (seeTable 7.3). 

Blood vessels 

Blood vessels are part of the circulatory system that transports blood throughout the body. 
There are three major types of blood vessels: the arteries, which earry the blood away from the 
heart the eapillaries, which enable the actual exchange of water, nutrients and ehemieals 
between the blood and the tissues; and the veins, which earry blood from the eapillaries baek 











ehapter 7 


Circulatory system 



204 


From the 

heart heart 



Fìgure 7.14 Blood vessels. 

tovvards the heart (see Figure 7.14). All arteries, vvith the exception of the pulmonary and 
umbilical arteries, earry oxygenated blood, vvhile most veins earry deoxygenated blood from the 
tissues baek to the heart; exceptions are the pulmonary and umbilical veins, both of vvhieh earry 
oxygenated blood. The eapillaries form the microcirculatory system, and it is at this point that 
nutrients, gases, vvater and eleetrolytes are exchanged betvveen the blood and the tissue fluid. 
eapillaries are tiny, extremely thin-vvalled vessels and aet as a bridge betvveen arteries and veins. 
The thin vvalls of the eapillaries allovv oxygen and nutrients to pass from the blood into tissue 
fluid and allovv vvaste products to pass from tissue fluid into the blood. 

Structure and function of arteries and veins 

For most of the blood vessels, the vvalls eonsist of three layers: 

• the tunica interna 

• the tunica media 

• the tunica externa (adventia). 

See Figure 7.15. 

The tunìca ìnterna is a thin layer (only a fevv eells thiek) of a vein and artery. It is sometimes 
referred to as the intima membrane. It is this layer that gives smoothness to the lining of the 
vessel, enhaneing blood flovv. It is lined by endothelial eells and elastie tissues; hovvever, it varies 
in thiekness betvveen the blood vessels: 

• arteries-most elastictissue; 

• veins-very littletissue; 

• eapillaries-noelastie layer. 
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(d) Transverse seetion through an artery 
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Fìgure 7.15 (a-e) Layers of a blood vessel. Soi/ree: Tortora and Derriekson (2009). Reproduced with 

permission of John Wiley & Sons. 
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The tunìca medìa eonsists of elastie fibres and smooth muscle that allowfor vasoeonstrietion, 
ehanging blood flow and pressure. The tunica media is supplied by the sympathetie braneh of 
the autonomic nervous system. When stimulated, the walls eontraet narrowing the lumen and 
inereasing pressure within the blood vessel: 

• arteries - varies by the size of the artery; 

• veins - thin layer; 

• eapillaries - do not have tunica media. 

The tunica externa (adventia) eonsists of eollagen fibres and varies in thiekness between the 
vessels. The eollagen serves to anehor the blood vessel to nearby organs, giving it support and 
stability: 

• arteries - relatively thiek; 

• veins - relatively thiek; 

• eapillaries-very delieate. 

Although the arteries and veins have similar layers, there are some elear differenees between 
these two vessels. For a summary, seeTable 7.4 and Figure 7.16. 


Table 7.4 Differenees between arteries and veins 


Arterìes 

Veins 

Transport blood away from the heart 

Transport blood to the heart 

Carry oxygenated blood, except the pulmonary and umbilical 
arteries 

Carry deoxygenated blood, except the pulmonary 
and umbilical veins 

Have a narrow lumen 

Have a wider lumen 

Have more elastie tissue 

Have less elastie tissue 

Do not have valves 

Do have valves 

Transport blood under pressure 

Transport blood under low pressure 


ARTERY 


VEIN 



Tunica interna Tunica interna 


Fìgure 7.16 Artery and vein. 
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Sphineters relaxed: blood flovving 
through eapillaries 

Fìgure 7.17 Gapillary. Soi/ree: Tortora and Derriekson (2009). Reproduced with permission of John 
Wiley &Sons. 


eapíllaríes 

Gapillaries are tiny blood vessels, approximately 5-20 pm in diameter. There are networks of 
eapillaries (see Figure 7.17) in most of the organs and tissues of the body. Gapillary walls are only 
one eell thiek, which allows exchange of material between the eontents of the eapillary and the 
surrounding tissue fluid. The walls of eapillaries are eomposed of a single layer of eells, the 
endothelium. This layer is so thin that molecules such as oxygen, water and lipids ean pass 
through them by diffusion and enter the tissues. Waste products such as earbon dioxide and 
urea ean diffuse baek into the blood to be earried away for removal. Capillaries are so small that 
the red blood eells need to ehange shape in order to pass through them in single file. 

Blood pressure 

Blood pressure is the pressure exerted by blood within the blood vessel.The pressure is at its 
greatest near the heart and deereases as the blood moves further from the heart. Three faetors 
regulate blood pressure.They are: 

• Neuronal regulation - through the autonomic nervous system 

• Hormonal regulation - adrenaline, noradrenaline, renin and others 

• Autoregulation - through the renin-angiotensin system. 
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Physíologìeal faetors regulatíng blood pressure 

Several faetors affeet blood pressure, including: 

• Gardiae output the volume of blood pumped out by the heart in 1 min. Gardiae output is a function 
of heart rate and stroke volume. The heart rate is simply the number of heart beats per minute. 
The stroke volume is the volume of blood, in millilitres, pumped out of the heart with eaeh beat. 

• Circulating volume, thevolumeofcirculating blood perfusing tissues. 

• Peripheral resistanee, the resistanee provided by the blood vessels. 

• Blood viseosity, the measure of the resistanee of blood flow. The resistanee is provided by 
plasma proteins and other substances in the blood. 

• Hydrostatie pressure, the pressure exerted by the blood on the vessel wall. 

Gontrol of arterial blood pressure 

Blood pressure within the large systemie arteries must be maintained to ensure adequate blood 
flow to the tissues. This is maintained by: 

• Baroreeeptors situated in the areh of the aorta and the earotid sinus, which are sensitive to 
pressure ehanges within the blood vessel. When blood pressure inereases, signals are sentto the 
cardio-regulatory eentre (CRC) in the brainstem (medulla oblongata). The CRC inereases the 
parasympathetie aetivity to the heart reducing heart rate and inhibiting sympathetie aetivity to 
the blood vessels, causing vasodilatation.This reduces blood pressure. On the other hand, if the 
blood pressure falls, the CRC inereases the sympathetie aetivity to the heart and the blood 
vessels, thus inereasing heart rate and vasoeonstrietion, resulting in inereased blood pressure. 

• ehemoreeeptors situated in earotid and aortie bodies help to regulate blood pressure by 
deteeting ehanges in the levels of oxygen, earbon dioxide and hydrogen ions. Changes in the 
levels of earbon dioxide, oxygen and hydrogen ions ean affeet heart and respiration rates. 

• Circulating hormones, such as antidiuretic and atrial natriuretic peptide hormones, help to 
regulate circulating blood volume, thus affeeting blood pressure. 

• The renin-angiotensin system helps to maintain blood pressure though its aetion on 
vasoeonstrietion. 

• The hypothalamus responds to stimuli such as emotion, pain and anger and stimulates 
sympathetie nervous aetivity, affeeting blood pressure. 

Lymphatìe system 

The lymphatie system (see Figure 7.18) is part of the circulatory system and it transports a elear 
fluid ealled lymph. The lymphatie system begins with very small, elosed-end vessels ealled 
lymphatie eapillaries (see Figure 7.1 9 ), which are in eontaet with the surrounding tissues and the 
interstitial fluid.The lymphatie system eonsists of: 

• lymph 

• lymph vessels 

• lymph nodes 

• lymphatie organs such as spleen and the thymus. 

Lymph 

Lymph is a elear fluid found inside the lymphatie eapillaries and has a similar eomposition to 
plasma. Lymph is the ultrafiltrate of the blood, which occurs at the eapillary ends of the blood 
vessels. Blood pressure in the blood vessel forees fluid and other substances such as small 
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Fìgure 7.18 Lymphatie system. Soi/ree: Tortora and Derriekson (2009). Reproduced with permission 
of John Wiley & Sons. 


209 






































ehapter 7 


Circulatory system 



210 


Arteriole 


Blood eapillaries 



Fìgure 7.19 Lymphatie eapillaries. 


protein (albumin) from the eapillaries into the tissue spaee as interstitial fluid, which then 
enters the lymphatie eapillaries as lymph. The body eontains approximately 1-2 L of lymph, 
which forms about 1-3% of body weight. Lymph transports plasma proteins, baeteria, fat 
from the small intestine and damaged tissues to the lymph nodes for destruction. The lymph 
eontains lymphoeytes and maerophages, which play an important role in the immune 
system. 

Lymph eapillaries and large lymph vessels 

Both the blood and the lymphatie eapillaries have a similar structure, in that they both eonsist 
of a single-layered endothelial eell that allows movement of substances from the interstitial 
spaee into the lymphatie eapillaries (see Figure 7.19). However, lymphatie eapillaries are one- 
way vessels with a blind end (see Figure 7.20) in the interstitial spaee. Lymphatie vessels 
resemble veins in structure; however, the lymphatie vessels have thinner walls and more valves 
in them.The larger lymphatie vessels have numerous valves to prevent backflow of lymph.The 
lymphatie vessels eombine to form two large ducts, the right lymphatie and thoraeie ducts, 
which then empty into the subclavian veins. 

Lymph nodes 

Lymph nodes are bean-shaped organs loeated along the lymphatie vessels. These nodes are 
found in the largest eoneentrations in the neek, armpit, thorax, abdomen and the groin; lesser 
eoneentrations are found behind the elbows and knees. The lymphoeytes in the lymph nodes 
filter out harmful substances from the lymph and are sites for speeifie defenees of the immune 
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Fìgure 7.20 Lymphatie circulation. Soi/ree:Tortora and Derriekson (2009). Reproduced with permission 
of John Wiley & Sons. 

eiinieai eonsiderations 

Oedema 

Oedema, also known as dropsy, is the medieal term for fluid retention in the body. The build-up of 
fluid causes affeeted tissue to beeome swollen.The swelling ean occur in one particular part of the 
body-for example, asthe result ofan injury-or it ean be more general. 

The latter is usually the ease with oedema that occurs as a result of eertain health eonditions, 
such as heart failure or kidney failure. Some of the possible symptoms include: 

• skin discolouration 

areas of skin that temporarily hold the imprint of the fìnger when pressed (known as pitting 
oedema) 

aehing, tender limbs 
^ stiffjoints 

weight gain or weight loss 
raised blood pressure and pulse rate. 

The treatment includes treating the underlying cause, including losing weight exercise and 
diuretics to get rid of excess body water. 

See Robinson (2012). 



system.The lymph node is made up of an outer fibrous capsule that dips down into the node to 
form partitions (trabeculae), thus dividing the node into eompartments (see Figure 7.21). 
Approximately four or five afferent vessels may enter a lymph node; however, only one efferent 
vessel will transport the lymph out of the node. 
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Fìgure 7.21 A lymph node. Source: Tortora and Derriekson (2009). Reproduced with permission of 
John Wiley & Sons. 
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Medíeínes management ~ 

ABVD and ehemotherapy treatments for Hodgkìn lymphoma 

Hodgkin lymphoma is a blood eaneer. Hodgkin lymphoma is a eaneer that develops in the lymph 
nodes of the lymphatie system. It is the most eommon form of blood eaneer in teenagers and 
young adults. It appears as a solid tumour in the glands in the neek, ehest, armpit or groin. 

ehemotherapy for Hodgkin lymphoma uses eombinations of different anti-eaneer drugs rather 
than just one drug.This reduces the ehanees of the patient developing resistanee to any one of the 
drugs. It also reduces the side effeets, because lower doses of individual drugs are used.The drug 
eombination most widely used for Hodgkin lymphoma is ealled ABVD (adriamyein, bleomyein, 
vinblastine and daearbazine). This regime is usually given in 4-week eyeles by administering the 
drugs into the vein on days 1 and 15 of eaeh eyele. Patients with late-stage Hodgkin lymphoma are 
given more eyeles of treatment. 

Side effeets of ehemotherapy: 

• nausea, which ean be relieved using other medieation; 

• hair loss; 

• low whlte blood eell count. 

Side effeets of ABVD: 

heart problems caused by adriamyein; 
fever or rash caused by bleomyein; 

• lung eondition ealled fìbrosis caused by bleomyein; 
ulcers or blisters caused by vinblastine; 

headaehes, fatigue or diarrhoea caused by daearbazine. 

See Bloodwise home page at https://bloodwise.org.uk/hodgkin-lymphoma-hl. 


Lymphatìe organs 

Spleen 

The two main organs of the lymphatie system are the spleen and the thymus gland.The spleen 
is the largest lymphoid organ and is approximately 12 em in length, 7 em wide and 2.5 em thiek. 
It weighs about 200 g and is purplish in colour.The main functions of the spleen are: 

• filtering the blood - the destruction of old red blood eells and the remnants of manufacturing 
phagoeytie lymphoeytes and monoeytes; 

• storage of blood - approximately 350 mL. 

The structure of the spleen is similar to the lymph node. The spleen is surrounded by a 
capsule of eonneetive tissue and, like the lymph nodes, it is divided into eompartments by 
trabeculae. The two main functional seetions of the spleen are the red and the white pulp. 
It is in eontaet with the stomaeh, the left kidney and the diaphragm. The blood supply to 
the spleen derives from the splenie artery, and the splenie vein transports the blood out of 
the spleen. 
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The thymus gland 

The thymus gland is a ductless, pinkish-grey mass of lymphoid tissue loeated in the thorax. At birth 
it is about 5 em in length,4 em in breadth and about 6 mm in thiekness.The organ enlarges during 
ehildhood and atrophies at puberty.The thymus gland eonsists of two lobes joined by eonneetive 
tissue, and eaeh lobe is eovered by an outer cortex and an inner portion ealled the medulla. Eaeh 
lobe is divided into lobules by trabeculae, and eaeh lobule has an outer cortex and inner medulla. 
The cortex eontains many immature lymphoeytes, which migrate from the bone marrow to the 
thymus gland to beeome speeialised T-lymphoeytes (T-eells). l\/latureT-cells then migrate to the 
medulla and it is from the medulla the mature T-eells enter the general circulation, where they 
are transported by the blood to the spleen and the lymph nodes. 

Functìons of the lymphatìe system 

• The lymphatie system aids the immune system in destroying pathogens and filtering waste so 
that the lymph ean be safely returned to the circulatory system. 

• The lymphatiesystem removesexcessfluid, waste,debris,dead bloodeells, pathogens,cancer 
eells and toxins from these eells and the tissue spaees between them. 

• The lymphatie system also works with the circulatory system to deliver nutrients, oxygen and 
hormones from the blood to the eells that make up the tissues of the body. 

• Important protein molecules are ereated by eells in the tissues.These molecules are too large 
to enterthe eapillaries of the circulatory system; thus, these protein molecules are transported 
by the lymph to the bloodstream. 



Hodgkin's dísease 

Dorothy Perkins, a 25-year-old, is a qualifìed nurse on a busy surgical ward. She is married to Peter 
and they have a ehild aged 2 years. Lately, she has been feeling more tired than usual, waking up at 
night eovered with sweats and unwell. She put this down to stress at work. 

One evening, while having a shower, she felt a large swollen lump on the left side of her neek. 
Encouraged by her husband, Dorothy made an appointment to see her GP. During the eonversation 
Dorothy informs her GP that she has lost 2 kg over a 2-month period. Goneerned, her GP referred 
Dorothy to hospital for tests. 

Dorothy was seen in the haematology elinie. After taking a medieal history, the haematologist 
earried out some blood tests and a biopsy of the lump in the neek. Dorothy returned to the hospital 
after a couple of weeks for the results with her husband. Dorothy was informed that blood 
tests revealed mild anaemia and an inereased neutrophil count. The lymph node biopsy showed 
Reed-Sternberg eells, but the prognosis is good. 

The haematologist reeommended a short course of ehemotherapy followed by radiotherapy to the 
affeeted site. After these treatments, Dorothy was returned to the community under the eare of her GP. 


Conclusìon 

The circulatory system is a very effieient and complex system. It ensures that all the eells and 
tissues of the body reeeive all they need, including oxygen, nutrients and eleetrolytes to ensure 
that all systems are functioning effieiently. The blood transports many substances, such as red 
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blood eells, white blood eells, hormones and eleetrolytes essential for cellular function. It also 
plays a major role in the body's defenee against baeteria and other organisms through the aetion 
of the white blood eells.The blood also transports waste products of metabolism; for example, 
urea, earbon dioxide and uric aeid. 

Blood that is pumped out of the left ventriele of the heart is transported by a network of 
vessels ealled arteries and the blood is returned to the heart by the veins. There are three types 
of blood vessels: arteries, veins and eapillaries. Arteries earry blood away from the heart, while 
the veins transport blood to the heart. The blood vessels of the circulatory system are a elosed 
system, in that blood does not leave or leak out of the blood vessels unless they are damaged. 
It is at the eapillary end that nutrients and other products essential for cellular function leave the 
blood vessels. White blood eells may also leave the blood vessels at the eapillary end; however, 
red blood eells are eontained within the circulatory system. 

The lymphatie system is also known as the seeondary circulation. It transports fluid ealled lymph, 
which is an ultrafiltrate of the blood. It plays an important part in the immune system. The fluid 
lymph is transported by the lymphatie system from all parts of the body and returned to the circula- 
tory system via the right lymphatie and thoraeie ducts, which then empty into the subclavian veins. 



Aetìve transport The proeess by which substances move against a eoneentration gradient by utilis- 
ing cellular energy. 

Adenosìne dìphosphate The end product that results when adenosine triphosphate loses one of 
its phosphate groups loeated at the end of the molecule. 

Adenosìne trìphosphate Compound that is neeessary for cellular energy. 

ehemíeal reaetìons Reaetions that involve molecules, in which they are formed, ehanged or broken 
down. 

Gompartments Spaees. 

Gytoplasm Fluid found inside the eell. 

Dìffusìon The most eommon form of passive transport of materials; it is the means by which gases, 
liquids and solutes disperse randomly and occupy any spaee available so that there is an equal 
distribution. 

Eleetrolytes Substances that dissoeiate in water to form ions. 

Endoeytosís Proeesses by which eells ingest foodstuffs and infectious mieroorganisms. 
Extracellular Spaee found outside the eell. 

Exocytosìs The system of transporting material out of eells. 

Faeìlìtated dìffusíon Diffusion with the aid of a transport protein. 

Hydrophìlìe Water loving. 

Hydrophobìe Water hating. 

Hypertoníe Solution that has a large amount of solutes dissolved in it. 

Hypotonìe Solution that has a low eoneentration of solutes. 

Interstìtìal Spaee between eells. 

Intracellular Spaee inside the eell. 
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Organelles Structural and functional parts of a eell. 

Osmosìs Movement of water through a seleetively permeable membrane so that eoneentrations of 

substances in water are the same on either side of the membrane. 

Osmotíe pressure The pressure that must be exerted on a solution. 

Passìve transport The proeess by which substances move on their own down a eoneentration gra- 

dient without utilising cellular energy. 

Plasma membrane Outer layer of the eell. 

Transport proteín Small molecules that help in the movement of ions aeross a eell membrane. 
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Further readìng 

Non-Hodgkìn's lymphoma - rítuxímab 

http://guidance.nice.org.uk/TA65 

Use this to find out National lnstitute for Health and Care Excellence (NICE) guidance on the use of 
rituximab (MabThera) to treat aggressive non-Hodgkin's lymphoma. 

Anaemía - íron defìeíeney 

http://cks.nice.org.uk/anaemia-iron-deficiency#!scenariorecommendation:6 

In this linkyou will find National lnstitutefor Health and Care Excellence reeommendation in the 

treatment and management of iron defieieney anaemia. 

Blood elotting dísorders 

http://www.patient.co.uk/doctor/bleeding-disorders 

Usethis linktofind out moreabout elotting disorders. It provides information on investigation and 
diagnosis, treatment and management. 
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Aetìvìties 

Maltiple ehoíee questions 

1. VVhatisthe normal pH of blood? 

(a) 7.45 

(b) 7.35 
(e) 7.00 

(d) 8.02 

2 . The most abondant plasma protein in the blood is: 

(a) albomin 

(b) globolin 

(e) aminoaeid 

(d) elotting faetors 

3. Blood flovvto the skin: 

(a) inereases in stress 

(b) is eontrolled when pH of the blood drops 

(e) inereases when environmental temperatore inereases 

(d) inereases vvhen there is a laek of ADH in the bloodstream 

4. Which of the follovving isnoftrueaboutveins? 

(a) venous valves are formed from tunica media 

(b) the volume of blood in the veins is greater than in the arteries at any given time 

(e) veins have thinner muscular layers than arteries 

(d) veins take blood avvay from the heart 

5. Nutrient and gas exchange take plaee in: 

(a) the arteries 

(b) the eapillaries 

(e) the veins 

(d) the arterioles 

6. Arteries transport oxygenated blood except: 

(a) the pulmonary artery 

(b) the braehial artery 

(e) the eephalie artery 

(d) the eerebral artery 

7. The life span of a red blood eell is approximately: 

(a) 120days 

(b) 90days 

(e) 30 days 

(d) 1 year 

8 . Lymphatie eapillaries are: 

(a) non-permeable 

(b) more permeable than blood eapillaries 

(e) less permeable than blood eapillaries 

(d) equally permeable 

9. Lymph exits the lymph node via: 

(a) the afferent lymphatie vessel 

(b) the efferent lymphatie vessel 

(e) the inferior vena eava 
(d) the superior vena eava 
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True or 

1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 
9. 

10 . 


The red pulp of the lymph node primarily eonsists of: 

(a) monoeytes 

(b) platelets 

(e) erythroeytes 
(d) lymphoeytes 

false 

Most of the iron store of the body is found in the heart. 

Haemoglobin is found in the white blood eells. 

Clumping of red blood eells occurs as a result of mismatehed blood. 

Lymphoeytes are leucocytes but not all leucocytes are lymphoeytes. 

Arteries have a thieker middle layer eompared with veins. 

Osmotie pressure occurs as a result of fluid pressing against the blood vessel wall. 
The inner most layer of a blood vessel is ealled tunica adventitia. 

Lymph flows away from the heart. 

Lymphoeytes reside in the lymphoid tissue. 

All the lymphatie tissues are fully formed at birth. 


Label the diagram 1 

Label the diagram using the following list of words: 


Deereased level of oxygen to tissue as a result of hypoxia, Reeeptors in the kidney deteet low 
oxygen level, Kidney inereases the production of erythropoietin, Erythropoietin transported by 
the blood to the bone marrow, inereased production of red blood eells, inereased level of red 
blood eell, inereased oxygen delivery to tissues, Return to homeostasis 
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Label the diagram 2 

Label the diagram using the follovving list of vvords: 

TUNICA INTERNA, Endothelium, Basement membrane, Valve, Internal elastie lamina, TUNICA 
MEDIA, Smooth muscle, External elastie lamina, TUNICA EXTERNA, Lumen, Lumen, Lumen, 
Basement membrane, Endothelium, Internal elastie lamina, External elastie lamina, Tunica 
externa, Lumen vvith blood eells, Tunica interna, Tunica media, Connective tissue, Connective 
tissue, Red blood eell, Capillary endothelial eells 
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(a) Artery (b) Vein 



(e) Gapillary 



(d) Transverse seetion through an artery 


U)!iP 200x 



(e) Red blood eells passing through a eapillary 
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Blood groups 

eomplete the followìng table for the ABO blood groups: 


Blood type 

Antigens 

Agglutiníns 

Can donate to 

Can reeeive from 

Type A 

Antigen A 




Type B 


Anti-A 



Type AB 



AB 


Type 0 

None 





Word seareh 


P 

X 

D 

M 
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S 

Q 

S 

S 

L 

0 

H 

T 
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G 

A 

1 

A 

E 

D 

S 

E 

Y 

s 

A 

P 

M 

Y 

0 

H 

V 

0 

R 

T 

L 

N 

1 

M 

T 

E 

S 

P 

L 
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1 
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E 
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L 

L 
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S 

M 

S 

V 

R 

e 

H 

E 

A 

H 

L 

0 

F 

A 

N 
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N 

0 

S 

E 

0 

P 

V 

L 

0 

E 

G 

L 

S 

J 

F 

S 

G 

1 

T 

N 

0 

V 

L 

1 

T 

L 

E 

M 

U 

F 

E 

N 

S 

Y 

0 

S 

1 

1 

D 

A 

0 
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A 

N 

1 

V 

1 

0 

e 

M 

A 

S 

P 

N 

L 

B 

e 

Y 

W 

D 

L 

T 

M 

0 

Q 

B 

e 

A 

L 

P 

1 

0 

N 

0 

D 

A 

T 

S 

H 

U 

B 
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Y 
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A 
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B 
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Y 
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Z 

S 

F 

S 

R 

F 


Plasma, Lymphoeyte, Lymphoid, Veins, Gapillaries, Valves, Osmosis, Diffusion, Viseosity, Basophil, 
Leucocytes, Platelets, Haemoglobin, Blood, dotting, Monoeytes 
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Fill in the blanks 

Blood 

In adults, the most aetive bone marrovv is found in the_,_,_, 

ribs, breastbone and skull._eells found vvithin the bone marrovv are ealled stem eells . 

Stem eells ean also be found in smaller amounts in the_.These are ealled peripheral 


The proeess of blood eell development is ealled haematopoiesis. In the earliest stage of blood 

eell development_begin to develop either along the_line or the myeloid 

eell line. In both eell lines the stem eells beeome_, vvhieh are still_. During 

the last stage of eell development the blasts mature into three types of blood eells, ealled 

and 
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blasts, blood stem eells, bloodstream, lmmature blood, immature eells, lymphoid eell, pelvie, 
platelets, red bloods eells, shoulder bones, stem eells, stem eells, vertebrae, vvhite blood eells 

Blood vessels 

_earry blood avvay from the heart to other organs. They ean vary in size. The 

_have speeial_in their vvalls. This helps to eomplement the vvork of the 

heart by_along vvhen heart muscle relaxes. Arteries also respond to signals from our 

_, either eonstrieting or_. 

_are the smallest arteries in the_. They deliver_to_. 

Arterioles are also eapable of eonstrieting or dilating and, by doing this, they_hovv 

much blood enters the eapillaries. 

_are tiny vessels that eonneet_to_. They have very thin vvalls 

that allovv_from the blood to pass into the_._products from 

body tissues ean also pass into the eapillaries. For this reason, eapillaries are knovvn as_. 

arteries, arterioles, arterioles, blood, body, body tissues, eapillaries, eapillaries, eontrol, dilating, 
elastie fìbres, exchange vessels, largest arteries, nervous system, nutrients, squeezing blood, 
venules, vvaste 

Lymphatie 

The lymphatie system is like the blood circulation - the vessels braneh through all parts of the 

body like the_and_that earry blood. But the lymphatie system vessels 

are much_and earry a colourless liquid ealled_. Lymph eontains a high 

number of lymphoeytes. Plasma leaks out of the eapillaries to surround and_the 

.This then drains intothe 


arteries, bathe, body tissues, lymph, lymph vessels, thinner, veins 

Find out more 

1. Explain vvhy blood is ealled eonneetive tissue. 

2. In the vvhite blood eells there are some grouped under the term granulocytes. List these 
vvhite blood eells and their functions. 

3. What is acute myeloid leukaemia? 

4. List the eheeks you vvould make to ensure that the patient is reeeiving the eorreet blood 
transfusion. 
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5. Deseribe the forees that move fluid aeross eapillary walls. 

6 . Deseribe the physiologieal faetors affeeting blood pressure. 

7. Explain the term 'essential hypertension'. 

8 . Deseribe the flow of lymphatie fluid through the lymphatie. 

9. In our body there are MALT tissues. Explain the term MALT and its function. 

10. How does the structure of a lymph node aid lymphoeytes and maerophages in their 
proteetive function? 

eondítions 

Below is a list of eonditions that are assoeiated with the circulatory system. Take some time and 
write notes about eaeh of the eonditions. You may make the notes taken from text books or 
other resources (e.g. people you work with in a elinieal area) or you may make the notes as a 
result of people you have eared for. If you are making notes about people you have eared for you 
must ensure that you adhere to the rules of eonfìdentiality. 


Thromboeyte disorders 


Aplastie anaemia 


Deep vein thrombosis 


Peripheral vascular disease 


Non-Hodgkin's lymphoma 






Carl eiare 



• Nametheehambersofthe heart. 

• Deseribe blood flow through the heart. 

• Name one of the valves in the heart. 

• Deseribe the position of the heart in the body. 

• Deseribe the faetors that affeet heart rate. 


Learning ooteomes 

After reading this ehapter you will be able to: 

• Describethestructureofthe heart 

• List the arteries that supply blood to the heart muscle 

• Deseribe the eleetrieal excitation of the heart 

• Deseribe the eardiae aetion potential 

• Discussthecardiaccycle 


Fundamentals ofAnatomy and Physiology: For Nursing and Heaitheare Students, Seeond Edition. Edited by lan Peate and Moralitharan Nair. 
© 2017 John VViley & Sons, Ltd. Poblished 2017 by John VViley & Sons, Ltd. 

Stodent eompanion vvebsite: vvvvvv.vvileyfundamentalseries.com/anatomy 
lnstructor eompanion vvebsite: vvvvvv.vviley.com/go/instructor/anatomy 
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Heart 



Blood 

vessels: 


Artery 

Vein 


lntroductìon 

The heart is a muscular organ eontaining four ehambers. Its main function is to pump blood 
around the circulatory system of the lungs and the systemie circulation of the rest of the body. 
In the average day the heart beats about 100,000 times and never rests. It must continue its eyele 
of eontraetion and relaxation in order to provide a continuous blood supply to the tissues and 
ensure the delivery of nutrients and oxygen and the removal of waste products.The purpose of 
this ehapter is to review the structure and function of the heart, including: 

• the size and loeation of the heart; 

• the overall structure of the heart; 

• the heart muscle and the eells of the heart; 

• the blood supply to the heart muscle; 

• the flow of blood through the heart; 

• the eleetrieal pathways of the heart; 

• the eardiae eyele; 

• faetors affeeting eardiae output. 

Sìze and loeatíon of the heart 

The heart weighs 250-390 g in men and 200-275 g in women and is a little larger than the 
owner's elosed fist, being approximately 12 em long and 9 em wide (Jenkins and Tortora, 2013). 
It is loeated in the thoraeie eavity (ehest) in the mediastinum (between the lungs), behind and to 
the left of the sternum (breastbone) (see Figure 8.1). 
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Superior vena eava 


Base of heart 


Right lung 



Ribs 

■ Areh of aorta 

■ Polmonary trunk 

■ Left lung 


Apex of heart 


Fìgure 8.1 Loeation of the heart. 5oi/rce:Tortora and Derriekson (2009). Reproduced with permission 
of John Wiley & Sons. 

As ean be seen, the apex of the heart (the pointed end) is belowthe base of the heart and lies 
on the diaphragm. The base of the heart is itself made up of two of the ehambers of the heart 
known as the atria (atrium is the singular of atria). 

The structures of the heart 

Heart wall 

Perieardiam 

The heart is surrounded by a membrane ealled the pericardium (peri = around). This is often 
referred to as a single sae surrounding the heart but is in faet made up of two saes (the fibrous 
pericardium and the serous pericardium) that are elosely eonneeted to eaeh other (see Figure 8.2). 
These two saes have very different structures (Jenkins and Tortora, 2013): 

• The fibrous pericardium, a tough, inelastie layer made up of dense, irregular, eonneetive 
tissue. The role of this layer is to prevent the overstretehing of the heart. It also provides 
proteetion to the heart and anehors it in plaee. 

• The serous pericardium, a thinner, more delieate, layer that forms a double layer around the 
heart: 

o the parietal pericardium, the outer layer fused to the fibrous pericardium; 
o the viseeral pericardium (otherwise known astheepicardium) adherestightly tothesurface 
of the heart. 

Between the parietal and viseeral pericardium is a thin film of fluid (perieardial fluid) that 
reduces the frietion between the membranes as the heart moves during its eyele of eontraetion 
and relaxation.The spaee eontaining the perieardial fluid is known as the perieardial eavity; how- 
ever, it must be noted that this'spaee'is so small it is normally eonsidered to be a VirtuaFspace. 
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Pericardiunn 


Heart wall 


Fibrous pericardium 

Parietal layer of — 
serous pericardium 


Perieardial eavity 


Viseeral layer of — 
serous pericardium 
(epicardium) 



Endocardium 


Myocardium 
(eardiae muscle) 


Fìgure 8.2 Heart wall. Soi/ree: Tortora and Derriekson (2009). Reproduced with permission of John 
Wiley &Sons. 


Myocardium 

Llnderlying the pericardium is the heart muscle known as the myocardium (myo = muscle). 
The myocardium makes up the majorlty of the bulk of the heart. It is a type of muscle only 
found within the heart and is speeialised in its structure and function.The myocardium ean be 
divided into two eategories: the majority is speeialised to perform meehanieal work (eontrae- 
tion); the remainder is speeialised to the task of initiating and conducting eleetrieal impulses 
(this seeond type of eardiae muscle eell will be reviewed later in the ehapter). The eardiae 
muscle eells (myoeytes) are held together in interlaeing bundles of fibres that are arranged in 
a spiral or circular bundles. Gompared with skeletal muscle fibres, eardiae muscle fibres are 
shorter in length and have branehes (see Figure 8.3). The ends of the eardiae myoeytes are 
attaehed to the adjaeent eells in an end-to-end fashion. At this point there is a thiekening of 
the sareolemma (plasma membrane) known as interealated dises. These dises eontain two 
types of junction: 

• desmosomes hold the eells together so that the fibres do not pull apart; 

• gap junctions allow the rapid passage of aetion potentials (eleetrieal current) between eells. 

Gompared with skeletal muscle eells, the eardiae myoeyte eontains one nucleus (or oeeasion- 
ally two nuclei) and the mitoehondria are larger and more numerous, making eardiae muscle 
eells less prone tofatigue. However, eardiae muscle requires a large supply of oxygen and is less 
able to eope with reductions in the amount of available oxygen. 

The eardiae muscle eells are divided into two diserete networks separated by a fibrous layer, 
the atria and the ventrieles, and these two networks eontraet as separate units. Thus, the atria 
eontraet separately from the ventrieles (see later). Within eaeh myoeyte are long eontraetile bun- 
dles of myofibrils. Myofibrils are in turn made up of smaller units known as sareomeres. 
Gontraetion of the eardiae muscle is by the shortening of its sareomeres. 
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Interealated dises 


Gross-striations 


Myoeytes 



Fìgure 8.3 Gardiae muscle eells (eardiae myoeytes). 


Plateau 



Baseline 


Fìgure 8.4 Gardiae aetion potential. 


The eardiae aetion potential 

Llnlike the normal skeletal muscle, in response to a single aetion potential a eardiae muscle 
fibre develops a prolonged eontraetion that is approximately 10-15 times longer in duration 
than a skeletal muscle eontraetion due to a plateau phase. Gardiae muscle fibres also have a 
longer refraetory period, and thus a new eontraetion eannot be initiated until muscle relaxa- 
tion is well advaneed. Thus, a maintained eontraetion (tetany) eannot occur in eardiae muscle 
(Figure 8.4). 

Endoeardiam 

The endocardium (endo = within) is a layer of smooth simple epithelium lining the inside of the 
heart muscle (see Figure 8.2) and the heart valves. It is eonneeted seamlessly with the lining of 
the large blood vessels that are eonneeted to the heart. 

The heart ehambers 

The heart is divided into four ehambers (see Figure 8.5): the atria (entry halls or ehambers) and 
the ventrieles (little bellies). Even though the heart is referred to as a pump, it is better to think 
of it as two pumps: 

• The right heart pump reeeives deoxygenated blood (blood that has given up some of its 
oxygen to the eells) from the tissues and pumps it out into the pulmonary circulation (the 
lungs). 

• The left heart pump reeeives oxygenated blood from the pulmonary circulation and pumps it 
out to the rest of the body (the systemie circulation). 
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Superior vena eava 


Pulmonary valve 


Right atrium 


Right ventriele 


Inferior vena eava 



Left atrium 


Left ventriele 
lnterventricular septum 


Deseending aorta 


Fìgure 8.5 The ehambers of the heart. Source: Tortora and Derriekson (2009). Reproduced with 
permission of John Wiley & Sons. 

A tría 

The atria are the smaller ehambers of the heart and lie superior to (above) the ventrieles. There 
are two atria: 

• The right atrium reeeives blood from three veins - the superior vena eava, the inferior vena 
eava and the eoronary sinus.The superior vena eava drains blood from the upper parts of the 
body, the inferior vena eava drains blood from the lower parts of the body and the eoronary 
sinus drains blood from the circulation of the heart itself. 

• The left atrium forms most of the base of the heart and reeeives blood from the lungs through 
four pulmonary veins. 

Between the atria is a thin dividing wall, the interatrial septum (inter = between, septum = 
dividing wall). 

The thiekness of a ehamber's wall varies aeeording to the work the ehamber has to perform. 
As the atria are only pumping blood into the ventrieles they have much thinner walls than the 
ventrieles, which have to pump blood around the pulmonary and systemie circulation. 

Between the atria and the ventrieles are two valves (the atrioventricular (AV) valves): 

• the tricuspid valve is made up of three cusps (leaflets) and lies between the right atrium and 
the right ventriele; 

• the bicuspid (mitral) valve is made up of two cusps and lies between the left atrium and the 
left ventriele. 

The purpose of the AV valves is to prevent the backward flow of blood from the ventrieles into 
the atria. 
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Ventrieles 

There are two ventrieles: the right ventriele and the left ventriele. Eaeh ventriele pumps the same 
amount of blood per beat but they have very different pressures. 

• The right ventriele reeeives blood from the right atrium and pumps this blood out into the 
pulmonary circulation (the lungs). As the pressure in the pulmonary circulation is quite low 
the right ventriele has a thinner wall than the left ventriele. 

• The left ventriele reeeives blood from the left atrium and pumps this blood out into the 
systemie circulation (the rest of the body) via the aorta. As the left ventriele has to pump 
against a higher pressure and over a greater distanee it has a much thieker (more muscular) 
wall. 

Between the ventrieles is a dividing wall, the interventicular septum.Thus, with the septum 
between the atria and the septum between the ventrieles there is no mixing of blood between 
the two sides. 

At the outlet of eaeh ventriele is a valve. Both of these valves are made up of three semilunar 
(half-moon-shaped) cusps (leaflets): 

• the pulmonary valve lies between the right ventriele and the pulmonary arteries and prevents 
the backward flow of blood into the right ventriele from the pulmonary arteries; 

• the aortie valve lies between the left ventriele and the aorta (the main artery leading to the 
systemie circulation) and prevents the backward flow of blood into the left ventriele from the 
systemie circulation. 

Snapshot i 

Betty is an 80-year-old lady who has been reporting inereasing shortness of breath on exertion and 
regular ehest pain. Betty was diagnosed with aortie valve stenosis several years ago after her GP 
noted a eardiae murmur on auscultation. She has yearly eardiology outpatient appointments at the 
loeal hospital, but owlng to her worsening symptoms the GP has asked for an urgent review. 

The eardiologist refers Betty for an eehoeardiogram, which shows worsening stenosis of the 
aortie valve. As Betty is unsuitable for surgery he referred her to a speeialist unit for balloon 
valvuloplasty, which is the dilatation of the aortie valve using a balloon during eardiae eatheteri- 
sation and is eonsiderably safer than open heart surgery (National lnstitute for Health and Care 
Excellence, 2004). 

Any of the four valves of the heart ean beeome disordered in their functioning. There are two 
main proeesses that ean affeet the valves (Clare, 2007): 

• Valvular ìneompetenee (regurgìtatìon). The valve beeomes unable to elose properly and 
thus there is backward flow of blood into the heart ehamber behind the valve. ineompetenee 
is most eommon in the mitral and aortie valves; it is very rare in both the tricuspid and pulmo- 
nary valves. Common causes of ineompetenee include age-related degeneration of the valve, 
infeetion of the valve and eoronary heart disease. 

• Valve stenosìs. The valve beeomes stiff and the leaflets of the valve may fuse together, thus 
narrowing the opening that blood ean pass through. Stenosis is rare in the pulmonary valve 
and is usually only found in the tricuspid valve in conjunction with aortie and/or mitral 
valve stenosis. Common causes of stenosis are rheumatic fever, and age-related ehanges in the 
ease of aortie valve stenosis. 
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The blood supply to the heart 

Although small, the heart reeeives about 5% of the body's blood supply. Ensuring that the heart 
reeeives a plentiful supply of blood is essential to ensure the eonstant supply of oxygen and 
nutrients and the effieient removal of waste products required by the myocardium. 

Only the inner part of the endocardium (about 2 mm in thiekness) is supplied with blood 
direetly from the inside of the heart ehambers. The rest of the heart is supplied by the eoronary 
arteries. The eoronary arteries eome direetly off the aorta just after the aortie valve. They eon- 
tinuously divide into smaller branehes, forming a web of blood vessels to supply the heart mus- 
ele. Figure 8.6 shows the main eoronary arteries. 

Eaeh artery (and its branehes) supplies different areas of the heart muscle;Table 8.1 gives a 
summary of the main arteries, their branehes and the areas of the heart they supply. It is impor- 
tant to note that Table 8.1 gives the anatomy as it pertains to most people, but there are normal 
variations in this pattern of blood supply in as much as 30% of the population.These variations 
have no signifieanee in the normal, healthy person but ean be important in the treatment of 
eardiae patients. 

As the eoronary arteries are eompressed during eaeh heart beat, blood does not flow through 
the eoronary arteries at this time. Thus, blood flow to the myocardium occurs during the 
relaxation phase; this is the opposite of every other part of the body. 




Aseending 

aorta 



MARGINAL 

BRANGH 


Right 
ventriele 



Polmonary 
trunk 

RIGHT 
eORONARY 

ARTERY 


Areh of 
aorta 


LEFT 

eORONARY ARTERY 
Left atrium 

CIRCUMFLEX 

BRANCH 

Left anterior 
deseending 
artery 


Posterior 

deseending 

artery 


Left 

ventriele 


Figure 8.6 Goronary arteries. Soi/ree: Tortora and Derriekson (2009). Reproduced with permission of 
John Wiley & Sons. 
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Table 8.1 Names of the eoronary arteries, their major branehes and the areas of the heart they supply 


Artery 

Area of the heart supplied 

Major branehes 

Left anterior deseending (LAD) 

Front and side of the left ventriele, apex of the heart 

Diagonals 

Septals 

Circunnflex artery 

Baekand side of the left ventriele 

Oblique marginal 

Right eoronary artery (RCA) 

Right ventriele, base of the heart and 
interventricular septunn 

Posterior deseending artery 


Snapshot 

George is a 50-year-old gentleman who has been eomplaining of recurrent ehest pain for the last 
few weeks. His GP has referred him to the loeal hospital for investigation and the eardiologist has 
deeided that given George's test results and his risk faetors for eoronary heart disease, George 
should undergo an angiogram (eardiae eatheter). 

Gardiae eatheterisation is the insertion of a eatheter through a large artery (normally in the groin or 
the arm) to the heart where X-ray dye ean be injeeted into the eoronary arteries in order to gain an image 
of any narrowing of the lumen that may be reducing blood flow to the eardiae muscle (Figure 8.7). 



in the groin (or arm) 

Fígure 8.7 Gardiae eatheterisation. 

(Continued) 
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The procedure is safe and is usually earried out as a day-ease procedure under loeal anaesthetie. 
As with all procedures there is some risk, but the patient should be reassured that eomplieations 
are rare and usually minor. 

George undergoes eardiae eatheterisation through the femoral artery. After the procedure 
George will be required to remain on flat bed rest and then bed rest sat up at a 30° angle before he 
ean be allowed to mobilise.The insertion site should be monitored for aetive bleeding orthedevel- 
opment of a haematoma, and regular blood pressure, pulse and pedal pulse monitoring should 
take plaee aeeording to loeal praetiee. 

The patient should be encouraged to drink to help the kidneys excrete the radio-opaque dye 
that has been injeeted into the blood. 

See O'Grady (2007). 



Gardiae medíeatíon 

Following his angiogram George is informed that he has narrowing in some of his eoronary arteries 
and the pain he is experiencing is angina due to an imbalanee between the heart muscles'need for 
oxygen and the ability of blood to flow through the narrowed arteries.The eardiologist preseribed 
George a drug ealled diltiazem to help stop the pain from affeeting his day-to-day life. 

Diltiazem is one of a elass of drugs known as calcium ehannel bloekers. In angina they work by reduc- 
ing the foree of eontraetion of the heart by reducing the influx of calcium into the myoeytes.This reduc- 
tion in the foree of eontraetion reduces the work of the heart and therefore the need for oxygen. 

Calcium ehannel bloekers are also eommonly used in the treatment of hypertension. 

The side effeets of calcium ehannel bloekers include swollen ankles, ankle or foot pain, eonstipa- 
tion, skin rashes, a flushed faee, headaehes, dizziness or tiredness (National lnstitute for Health and 
Care Excellence, 2013). 

While diltiazem is not known to be affeeted, many of the calcium ehannel bloekers are affeeted 
by grapefruit and thus patients are generally advised not to drink grapefruit juice or eat grapefruit 
when taking calcium ehannel bloekers. Other citrus fruits do not seem to have the same effeet and 
ean be eaten as normal. 

A list of medieations that ean interaet with grapefruit ean be found at http://www.evidence.nhs. 
uk/formulary/bnf/current/a1-interactions/list-of-drug-interactions/grapefruit-juice. 


I •! m • 




Myoeardial ínfaretíon 

When one of the arteries supplying the heart muscle with blood beeomes bloeked by a thrombus 
(blood elot) the patient needs rapid treatment in order to try to limit the damage to the heart mus- 
ele.There are two main treatment options available: 

• Thrombolysís - the administration of a thrombolytie drug in order to try to break up the elot 
and return blood flow through the artery.This form of treatment is very eommon and requires 
no speeialist equipment to administer. However, patients are elosely monitored for side effeets, 
including bleeding, hypotension and disturbances in the heart rhythm. 

(Continued) 
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• Percutaneous eoronary ìnterventìon (PCI) - this is a speeialist procedure requiring a dedieated 
eardiae eatheterisation suite (a form of operating theatre with speeial imaging equipment), trained 
staff and various eardiae eatheters, balloons and stents (Figure 8.8). The patient has a eatheter 
inserted through a hole made in the femoral artery and the eatheter is manoeuvred to the artery 
where the bloekage is situated. A balloon is then passed through and inflated to push the thrombus 
into the walls of the artery and if neeessary a metal eage (a stent) is inserted into the artery to keep 
the artery open.Though a speeialist procedure, PCI is beeoming more eommon in the UK. 

See University of Miehigan Health System (2014) for diagrams on eoronary stent plaeement. 


0 



Heart 


Gatheters 


eoronary artery 
loeated on the 
sorfaee of the heart 


I 

I 


eiosed stent Plaque 


eiosed stent around 
balloon eatheter 


Narrovved 

artery 





Plaque 


Artery eross-seetion 


Goronary artery 





Stent vvidened artery 


Gompressed 

plaque 


Stent 


Fìgure 8.8 Percutaneous eoronary intervention. Source: National Heart, Lung, and Blood 
lnstitute, National lnstitutes of Health. 


Blood flow through the heart 

As noted earlier in the ehapter, though the heart is a single organ it is best to think of it as two 
pumps, the right and the left heart pumps. Eaeh pump is made up of two ehambers (atrium and 
ventriele) and their assoeiated valves. 

• The right heart pump reeeives blood from the systemie circulation (the body) and pumps it 
through the pulmonary circulation (the lungs). 

• The left heart pump reeeives blood from the pulmonary circulation and pumps it out around 
the systemie circulation. 
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Fìgure 8.9 A simplifìed diagram of the flow of blood though the heart. 

Figure 8.9 gives a simplified explanation of the flow of blood through the heart. In this dia- 
gram, deoxygenated blood is in blue and oxygenated blood is in red. It is important to note that 
'deoxygenated blood'does not refer to blood that has no oxygen in it but to blood that has 
given up some of its oxygen to the tissues. Typieally, deoxygenated blood eontains 75% of the 
oxygen that oxygenated blood earries. 

So as ean be seen, deoxygenated blood returns from the body to the right atrium and then 
into the right ventriele, from where it is pumped out to the lungs. In the lungs the waste gases 
are exchanged for oxygen and the oxygenated blood flows into the left atrium and into the left 
ventriele. From the left ventriele the blood is then pumped into the circulation of the body. 

A more detailed and anatomieal view ean be seen in Figure 8.10. Blood enters the right atrium 
via the superior vena eava and inferior vena eava and leaves the right ventriele via the pulmo- 
nary arteries. Note that even though it is deoxygenated blood leaving the right ventriele it is the 
vessels that the blood is earried in that make it arterial or venous. Thus: 

• blood entering the atria is earried in veins and is therefore venous blood; 

• blood leaving the ventrieles is earried in arteries and is arterial blood. 

Blood is transported through the pulmonary circulation and returned to the left atrium 
through the pulmonary veins; it is then pumped out by the left ventriele into the aorta. 

The eleetrìeal pathways of the heart 

VVithin the heart there is a speeialised network of eleetrieal pathways dedieated to ensuring the 
rapid transmission of eleetrieal impulses. This ensures that the myocardium is excited rapidly in 
response to an initiating impulse so that the ehambers eontraet and relax in the right order and the 
different pairs of ehambers (atria and ventrieles) eontraet at the same time. So, for instanee, the left 
and right ventrieles will eontraet simultaneously in response to an impulse (but after the atria). 
Also, the way in which the conduction system is organised means that the ventrieles eontraet in a 
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Fìgure 8.10 Anatomieal view of the blood flow through the heart. Source: Tortora and Derriekson 
(2009). Reproduced with permission of John Wiley & Sons. 


eertain way to ensure they ejeet blood effeetively. For example, if you wanted to empty out a tube 
of toothpaste you would squeeze from the base to ensure maximum effeet. Likewise, the ventri- 
eles eontraet in such a way as to push blood towards and through the semilunar valves. 

The eardiae muscles have a speeialised property not seen in any other part of the body. All eells 
within the myocardium have the ability to ereate their own aetion potential without external excita- 
tion from another eell or a hormone.This is known as automaticity (or auto-rhythmicity).The prob- 
lem with this is that uncontrolled, the eells would all aet independently and the heart would not 
beat effeetively as there would be no eoordination of the eleetrieal aetivity and the subsequent 
muscle eontraetions.This is overeome by the use of the speeialised eells in the conduction system. 
These eells ereate and distribute an eleetrieal current that leads to a eontrolled and effeetive heart 
eontraetion. An overview oftheanatomy oftheconduction system ean be seen in Figure 8.11. 

Normal eleetrieal excitation/distribution begins in the sinoatrial (SA) node, which is loeated in 
the right atrium, and is rapidly transmitted aeross the atria by fast pathways. This ensures that 
the right and left atria are excited together and beat as one unit. The impulse is transmitted 
to the AV node, where further transmission is delayed for approxlmately 0.1 s (Martini et al., 
2014). This ensures that the atria have eompletely eontraeted before ventricular eontraetion is 
initiated. It should be noted that the atria and the ventrieles are eleetrieally isolated from eaeh 
other by a band of non-conducting fibrous tissue, and thus the only eleetrieal eonneetion 
between the two is the bundle of His (AV bundle) (Figure 8.12). 
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Fìgure 8.11 Conduction system of the heart. Soi/ree:Tortora and Derriekson (2009). Reproduced with 
permission of John Wiley & Sons. 
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Fìgure 8.12 Normal eleetrieal conduction. Soi/ree: Tortora and Derriekson (2009). Reproduced with 
permission of John Wiley & Sons. 

Onee the impulse has been 'held'in the AV node it is then transmitted down the bundle of His 
(AV bundle) to the fast pathways of the two bundle branehes (one bundle braneh per ventriele). 
The bundles then divide into the smaller and smaller branehes of the Purkinje system, which 
transmits the impulses to the muscles of the ventrieles. 
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Digoxin 

Pauline is a 72-year-old lady admitted to the eoronary eare unit with a heart rate of 35 and a blood 
pressure of 90/40 mmHg. She is feeling very unwell and is restless, confused and agitated. The 
eleetroeardiogram (ECG) reeording of her heart shows signs of digoxin toxicity, and on questioning 
Pauline's daughter it appears Pauline had been preseribed digoxin a few months ago. 

Digoxin is a eardiae glyeoside used in the treatment of heart failure and arrhythmias of the atria. 
Onee a very popular drug its use has reduced, but it is still eommonly preseribed. Digoxin slows and 
strengthens the heart beat (deereasing heart rate and inereasing foree of eontraetion). Owing to 
these effeets, an excess of digoxin in the blood ean lead to slow heart rates, leading to dizziness. In 
the elderly, excretion of digoxin is reduced, and thus digoxin levels ean rise above the therapeutic 
threshold even on normal doses. 

The signs of digoxin toxicity include nausea, vomiting, confusion, delirium and headaehe. It ean 
also lead to very high levels of blood potassium. In life-threatening eases the digoxin ean be coun- 
teraeted by the use of digoxin-specifìc antibodies (digibind) infused into the blood. Otherwise sup- 
portive treatment and monitoring may be instituted and the digoxin withheld. 

When administering digoxin, the nurse is expected to take the pulse of the patient and if it is 
below 60 beats per minute the drug should be withheld and medieal adviee sought. 

See British National Formulary (2015). 


eiìnìeal eonsìderatìons ~ 

Nodal eells 

Otherwise known as paeemaker eells, these are speeialised eells that not only ereate eleetrieal 
impulses but also ereate them at regular intervals. 

Nodal eells are divided into two groups: 

1 . The SA node loeated in the right atrium, which generates eleetrieal impulses at approximately 
70-80 impulses per minute. 

2. The AV node, loeated just above the point where the atria and ventrieles meet. This node 
generates impulses at 40-60 impulses per minute. 

The differenee in the rate of impulse ereation is important in the normal functioning of the heart as 
every time an impulse is transmitted down the eleetrieal system itYesets'the cells'lower down'. Henee, 
the SA node is the normal paeemaker of the heart as it ereates impulses faster than the AV node. 

Thus, like a military eommand structure, the SA node could be seen to be a general who eom- 
mands the eaptain (AV node), but if the general no longer issues eommands then the eaptain will 
take over eommand. 

Even with the'eommand structure'created by the nodal eells the conduction system of the heart 
ean slow eonsiderably and the patient ean beeome very unwell. For instanee, if the AV node no 
longer transmits impulses into the bundle of His (bundle of His), the eells in the lower parts of the 
conduction system ean produce aetion potentials of their own, but this will be at a very slow rate 
(between 20 and 35 impulses per minute). In order to deal with this problem the patient would 
need to have a permanent paeemaker fìtted (Figure 8.13). 

(Continued) 
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The 'generator' (battery and circuitry) is eontained in a small box that is buried beneath the skin 
of the ehest wall. Wires lead from the generator through a vein into the patient's heart. Depending 
on the type of paeemaker fitted, there may be one or two wires. So, for instanee, in the ease of a 
failed AV node the paeemaker would have two wires: one in the right atrium and one in the right 
ventriele. The paeemaker would sense the atrial aetion potential and then (after a short delay to 
mimie the aetion of the AV node) the ventriele would reeeive an eleetrieal impulse, causing it to 
eontraet.Thus, the paeemaker aets as a replaeement AV node (O'Grady, 2007). 



Fìgure 8.13 Paeemaker. 


Snapshot 

On admission to the eoronary eare unit Pauline required a 12-lead ECG and eardiae monitoring. 
While they both reeord the eleetrieal aetivity of the heart, 3-lead monitoring and a 12-lead ECG 
have different purposes. 

Three-lead eardiae monitoring is used for the continuous monitoring of the heart rhythm in 
patients thought to be at risk of a heart rhythm disturbance.The lead plaeement is as follows: 


Red lead 

Right arm 

Yellovv lead 

Left arm 

Green lead 

Left leg 

or 

Blaek lead 

Right leg 


(Continued) 
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It should be noted that the leads of a monitoring system are normally attaehed to the relevant 
shoulder for the arm leads and the lovver ehest for the leg leads, thus leaving the patient freedom 
of movement and leaving the ehest elear for resuscitation (if required). 

For a 12-lead ECG the limb leads are plaeed as noted above but at the vvrists and ankles; the ehest 
leads are then attaehed. Many nurses use mnemonies to remember limb lead plaeement such as: 
'Ride Your Green Bike'; others vvill think of red for right and lemon forleft. 

Tvvelve-lead ECGs are used for diagnostie purposes, and eorreet lead plaeement is essential. 
ehest lead plaeement for a 12-lead ECG is a skill that should be praetised under supervision until 
eompetent. Figure 8.14 shovvs the lead plaeement. 



Fìgure 8.14 Chest lead plaeement for a 12-lead ECG. 

• VI: fourth intereostal spaee, right sternal border. 

• V2: fourth intereostal spaee, left sternal border. 

• V3: midvvay betvveen V2 and V4. 

• V4: fìfth intereostal spaee, left midclavicular line. 

• V5: level vvith V4, left anterior axillary line. 

• V6: level vvith V4, left mid axillary line. 

In female patients eleetrodes are never plaeed on top of the breast unless you eannot gain aeeess 
to the normal position. If you do have to move onto the breast vvrite it on the reeording. 
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The eardìae eyele 

The eardiae eyele is the name given to the meehanieal aetivity of the heart and is best under- 
stood by looking at the pressure ehanges in the heart ehambers and the aorta and relating these 
to the meehanieal aetivity of the heart and its ehambers. 
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Systole and diastole 

These are two terms that require defìnition as they are unique in anatomy and physiology to the 
functioning of the heart. 

Systole: the eontraetion of a heart ehamber (atrium or ventriele). 

Diastole: the relaxation of a heart ehamber (atrium or ventriele). 


The eardiae eyele ean be seen in Figure 8.15. Note, the diagram refers to the pressures in the 
left side of the heart (atrium and ventriele); the eardiae eyele is the same on the right side but 
the pressures are lower. The eardiae eyele ean be broken down into a series of steps that are 
detailed below. The flow of blood in the heart and the circulatory system is always from a point 
of higher pressure to a point of lower pressure. 

The eardiae eyele is usually divided into five phases: 

1. A period of ventricular filling in mid to late relaxation (ventricular diastole). Pressure in the 
ventriele is low. Blood that is returning tothe heartthrough the vena eava isflowing passively 
through the atria and the open AVvalves into the ventriele.The pressure in the atria is higher 
than that in the ventrieles and this forees the bicuspid and tricuspid valves open. As the 
pressure in the ventrieles rises due to the inereased amount of blood in the ventrieles 
the leaflets of the AV valves begin to drift upwards to their elosed positions. The semilunar 
valves (the aortie and the pulmonary valves) are elosed; the pressure in the aorta and the 
pulmonary arteries is greater than that in the ventrieles, thus foreing these valves shut. About 
70% of ventricular filling happens during this phase. 

2. Late in this phase the atria begin to eontraet (atrial systole) in response to excitation by an 
aetion potential from the SA node; this eompresses the blood in the atria, leading to a 
slight rise in the pressure in the atria. This rise in pressure leads to a greater flow of blood 
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Fìgure 8.15 The eardiae eyele. Source :Tortora and Derriekson (2009). Reproduced with permission of 
John Wiley & Sons. 
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into the ventrieles from the atria. The ventrieles remain in diastole as the eleetrieal 
excitation that led to atrial eontraetion is delayed in the AV node. By the end of this point 
in time the ventrieles are in the last part of their relaxation phase and eontain the largest 
amount of blood they will eontain during the eardiae eyele. This is known as the end 
diastolie volume (EDV) and is about 130 mL of blood (Jenkins and Tortora, 2013); that is, 
the volume of blood eontained in the ventrieles at the end of their relaxation phase 
(diastole). The EDV is the main faetor in the ereation of the end diastolie pressure, as the 
pressure is direetly related to the amount of blood within the ventriele when the ventriele 
is relaxed. 

3. Ventricular eontraetion (systole). The atria relax, leading to a drop in atrial pressure. The 
ventrieles begin to eontraet as the eleetrieal excitation is transmitted from the AV node to 
the ventrieles through the bundle of His, then the bundle branehes and finally the Purkinje 
fibres; this leads to a sharp rise in ventricular pressure without any ehange in ventricular 
volume (i.e. the amount of blood in the ventrieles does not ehange). Onee this pressure 
rises above the pressure in the atria the AV valves are foreed elosed. As the semilunar 
valves remain elosed at this point (the ventricular pressure is still lower than the pressure 
in the aorta and the pulmonary arteries), the ventrieles are eompletely elosed off and 
blood volume in the ventrieles remains the same while pressure rises.This is known as the 
isovolumetric eontraetion phase ('iso'means remaining the same). Eventually, the pressure 
in the ventrieles beeomes greater than the pressure in the aorta and the pulmonary 
arteries. At this point the semilunar valves are foreed open and blood is ejeeted from the 
ventrieles. 

4. Early ventricular diastole (relaxation). The ventrieles begin to relax. The blood in the 
ventrieles is no longer eompressed by the aetion of the heart muscle, and the pressure 
within the ventrieles drops rapidly. As the blood volume in the ventrieles remains eonstant 
(the AV valves are elosed) the pressure in the aorta and the pulmonary arteries beeomes 
greater than the pressure in the ventrieles, and the semilunar valves are foreed elosed. 
This is the ventricular isovolumetric relaxation phase. Closure of the semilunar valves 
causes a brief rise in the pressure in the aorta as backflowing blood rebounds off the 
elosed aortie valve; this ean be seen as a slight 'bump' in the pressure traeing known as 
the'dierotie noteh'. 

5. During the period of ventricular systole the atria have been in diastole and filling with blood 
from the veins. When the pressure in the atria is greater than the pressure in the ventrieles the 
AV valves are foreed open and blood begins to flow into the ventrieles again. 
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eiinieal eonsiderations 

Eleetroeardiogram and the eardíae eyele 

Though the eardiae eyele refers to the meehanieal aetion of the heart, the eleetrieal aetivity that 
stimulates this meehanieal aetion ean be seen bythe use ofan ECG, an eleetrieal traeing produced 
by attaehing eleetrodes to the patient's skin and generated by an ECG maehine. However, it is pos- 
sible for the eleetrieal traeing to be present without meehanieal aetivity in eertain types of eardiae 
arrest. 

The normal ECG of one eyele of the heart is shown in Figure 8.16 (adapted from Jenkins and 
Tortora, 2013): 
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Fìgure 8.16 Normal ECG of one eyele of the heart. Source: Adapted from Jenkins andTortora 
(2013). Reproduced with permission of John Wiley & Sons. 


The ehanges from the baseline on the ECG are labelled by letters of the alphabet: 

P - atrial depolarisation; eorresponds to atrial eontraetion 

QRS - ventrlcular depolarisation; eorresponds approximately to ventricular eontraetion (though 
this happensjust afterthe peakofthe R wave) 

T-ventricularrepolarisation;correspondstotherelaxationphase oftheventricle;atrialrepolarisation 
eannot be seen as it is hidden by the greater eleetrieal aetivity of ventricular depolarisation. 


Despite this appearing to be a long proeess, if we assume a heart rate of 75 beats per minute 
then the average eardiae eyele would take approximately 0.8 s. The atria are in systole for 0.1 s 
and then in diastole for 0.7 s, while the ventrieles are in systole for 0.3 s and diastole for 0.5 s. As 
heart rate inereases, the eardiae eyele beeomes shorter due to the shortening of the diastolie 
phase; the systolie phase remains the same. As already noted, the heart muscle is supplied with 
blood during the diastolie (relaxation) phase, as blood eannot flow in the eoronary arteries when 
the heart is eontraeting; thus, as heart rate inereases, blood flow in the eoronary arteries (and 
blood supply to the heart muscle) is reduced. 
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Faetors affeetìng eardìae output 

This seetion gives an overvievv of the faetors affeeting the eardiae output. 'Gardiae output' is a 
term relating to the amount of blood the heart pumps out in 1 min and is defined by 


Gardiae Output (CO) = Stroke Volume (SV) x Heart Rate (HR) 

Thus, the amount of blood the heart pumps out in a minute is made up of the amount of 
blood ejeeted from the ventriele in one beat (SV) times the heart rate (HR) in beats per minute. 
This gives a total volume. Thus, if vve said that SV is 70 mL and the heart rate is 75, then eardiae 
output is 70x75 = 5250 mL (or 5.25 L) per minute. 

To revievv the faetors affeeting eardiae output the follovving seetions vvill look at the faetors 
regulating stroke volume and the faetors regulating heart rate separately. 

Regulatìon of stroke volume 

Stroke volume is effeetively the differenee betvveen the EDV (i.e. the amount of blood in the 
ventriele at the end of relaxation) and the end systolie volume (ESV - i.e. the amount of blood in 
the ventriele at the end of systole). The faetors that affeet stroke volume are preload, foree of 
eontraetion and afterload. 


Preload 

The foree the eardiae muscle fibres eontraet vvith during systole is affeeted by the amount of 
streteh they are subjected to (the greater the streteh, the greater the foree).This is knovvn as the 
Frank-Starling lavv. 

The streteh of the eardiae muscle is direetly related to the amount of blood in the ventriele at 
the end of diastole (EDV), vvhieh is, in turn, dependent on the volume of blood returned to the 
heart via the veins (venous return). Thus, venous return is related to the foree of eontraetion of 
the ventrieles. Anything that affeets the speed or volume of venous return affeets EDV, and 
therefore foree of eontraetion. So, for instanee: 

• A slovver heart rate allovvs for more time for blood to fill the ventriele, inereasing the volume 
of blood in the ventriele at the end of diastole. 

• Exercise inereases venous return, as the inerease in heart rate inereases the pressure in the 
veins and the speed of venous return and the effeet of skeletal muscle aetivity squeezes the 
veins 'pushing' blood baek to the heart (skeletal muscle pumps). Gonversely, standing still 
means that venous return is reduced. Thus, the guardsmen vvho have to stand still outside 
Buckingham Palaee are taught to diseretely eontraet and relax their feet to aid venous return 
and prevent fainting. 

• Hormonal and nervous influences. The release of adrenaline or the excitation of the 
sympathetie nervous system leads to the eontraetion of the veins and the'squeezing'of blood 
baekto the heart. 

• Very fast heart rates reduce the diastolie filling time, and thus there is less time for the ventriele 
to reeeive blood before systole starts. 

• Gertain heart arrhythmias stop the atria eontraeting effeetively, and thus atrial systole is no 
longer effeetive at'pushing'the last bit of blood into the ventrieles. 

• A reduced blood volume (for instanee, due to a haemorrhage) reduces venous return. 
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Foree of eontraetìon 

Though EDV is a major eomponent of the foree of eontraetion (because of the Frank-Starling 
law), foree of eontraetion ean also be affeeted by other faetors.The eontraetility of the heart ean 
be affeeted by several faetors: 

• Hormones, such as adrenaline, glucagon and thyroxine, all inerease the foree of eontraetion. 

• Sympathetie nervous system aetivity inereases the foree of eontraetion through the aetion of 
noradrenaline. 

• Gontraetility ean be reduced by aeidaemia (excess hydrogen ions in the blood) and high 
potassium levels in the blood. 
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Afterload 

Afterload refers to the pressure in the arteries leading from the ventrieles (aorta or pulmonary arter- 
ies) that the ventriele must overeome in order to ejeet blood. In the normal adult the pressure is 
80 mmHg in the aorta and 8 mmHg in the pulmonary arteries.This differenee in the pressure to be 
overeome is refleeted in the relative thiekness of the ventricular walls, with the left ventricular wall 
being thieker (more muscular) than the right (see previous discussion on the structure of the heart). 

In the average adult aortie and pulmonary pressure is not an importantfaetor in determining 
afterload as it is eonstant but ehanges in anatomy and/or physiology, such as hypertension or 
aortie valve disease, ean inerease afterload. inereased afterload inereases the amount of blood 
left in the ventriele after eaeh systole, and thus also has an effeet in inereasing the preload 
(by inereasing ventricular ESV and therefore pressure). 




dieines management 


Myoeardial ínfaretíon 

Dave is a 45-year-old offiee worker who has reeently returned to work after a myoeardial infaretion (Ml). 
The rehabilitation nurse has given Dave a lot of information on healthy eating and exercise but she 
notes his blood eholesterol test result is signifìeantly higher than is advisable for someone who has had 
an MI.The nurse consults with the medieal team and Dave is preseribed 80 mg atorvastatin onee a day. 

Atorvastatin is a cholesterol-lowering medieation that lowers the amount of eholesterol pro- 
duced in the body. It is eommonly used in patients who have had an Ml and have high eholesterol 
as it has been shown to reduce the ehanee of another Ml.The patient is still required to maintain a 
healthy diet as atorvastatin will not treat the dietary intake of eholesterol and fat by the patient. 

The nurse advises Dave to take the atorvastatin at night as one of the more eommon side effeets 
is muscle pain and the patient is less likely to notiee this when asleep. Dave is also advised not to 
eat grapefruit or drink grapefruit juice while taking atorvastatin as it ean interaet. 

See National lnstitutefor Health and Care Excellence (2014). 


Regulatíon of heart rate 

Heart rate is eontrolled by two main meehanisms: 

• autononomic nervous system aetivity; 

• hormone aetivity. 

Resting heart rate is also affeeted by faetors such as age, gender, temperature and physieal 
fitness (Jenkins and Tortora, 2013). 
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Autononnìc nervous system aetìvìty 

When aetivated by a stimulus, such as exercise or stress, the sympathetie nerve fibres release 
the neurotransmitter noradrenaline at their eardiae endings. This leads to the excitation of 
the SA node and an inerease in its production of aetion potentials and thus an inerease in 
heart rate. 

Alternatively, when the parasympathetie nervous system is stimulated this results in the 
release of aeetyleholine at the parasympathetie eardiae nerve endings, which has the effeet of 
reducing the rate of aetion potential generation in the SA node and thus reducing heart rate. 

Both the sympathetie and parasympathetie nervous systems are aetive at all times, but the 
parasympathetie nervous system is normally the dominant influence. This ean be seen if the 
vagus nerve (eranial nerve X) is cut for instanee in heart transplant patients. In these situations 
the SA node will normally produce aetion potentials at a rate of 100 a minute and therefore the 
heart rate inereases to 100 beats per minute.The removal of the influence of the parasympathetie 
nervous system (by the diseonneetion of the vagus nerve) removes the heart rate reducing 
effeet of this system. 


Baroreeeptors and the eardíovaseolar eentre 

Baroreeeptors are speeialised meehanieal reeeptors loeated in the earotid sinus and the aor- 
tie areh. They are sensitive to the amount of streteh in these blood vessels and have direet 
outflow via the autonomic nervous system to the cardiovascular eentre in the medulla 
oblongata. 

Thecardiovascularcentre ofthe medulla oblongata isthe main eentrefortheeontrol ofauto- 
nomie nervous aetivity that affeets the heart. As ean be seen in Figure 8.1 1, the cardiovascular 
eentre is made up of two sub-centres: 

• The eardioinhibitory eentre direetly eontrols parasympathetie outflow to the heart 
(espeeially the SA node); thus, inereased outflowfrom this eentre has the effeet of reducing 
heart rate. 

• The vasomotor eentre is further divided into the pressor area and the depressor area. The 
pressor area has a relatively eonstant outflow of aetion potentials to the heart via the 
sympathetie nervous system. This has a direet effeet on both heart rate and the foree of 
ventricular eontraetion (and therefore stroke volume) as well as effeets on the vasculature, 
which subsequently will affeet heart function by ehanging preload and afterload. Outflow 
from the pressor area is moderated by nerves transmitting impulses from the depressor area 
that have a direetly inhibiting effeet on the transmission of impulses from the pressor area. 
Thus, it ean be thought that the nerve impulses of the depressor area aet like a'eollar'or tap: 
the greater the number of impulses from the depressor area the tighter the eollar or tap is 
made, reducing the number of impulses from the pressor area to the heart, and thus the 
effeet on heart rate and foree of eontraetion. 


Hormone aetívíty 

Two hormones are normally assoeiated with the eontrol of heart rate: 

• Adrenaline - from the adrenal medulla. Adrenaline has the same effeet as noradrenaline 
released by the sympathetie nervous system. 

• Thyroxine - from the thyroid gland. Released in large quantities, thyroxine has the effeet of 
inereasing the heart rate. 
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Inereased arterial 
BP 



Inereased streteh at aortie areh 
and earotid sinus baroreeeptors 



Inereased frequency of firing in glossopharyngeal 
and vagal afferent nerves 


Vasomotor Gentre 


Pressor area 


Depressor area 




Deereased rate of firing 
(sympathetie outflow) 


Gardioinhibitory 

eentre 



inereased rate of 
firing 

(parasympathetie 

outflow) 
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outflow 


Fìgure 8.17 Baroreeeptor reflex. 
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Conclusíon 

The heart is a single organ situated in the thoraeie eavity betvveen the lungs. Though a single 
organ, the heart is effeetively tvvo separate pumps made up of four ehambers: 

• The right heart pump, eomprised of the right atrium and right ventriele, pumps blood through 
the pulmonary circulation. 

• The left heart pump, eomprised of the left atrium and the left ventriele, pumps blood through 
the systemie clrculation. 

Surrounding the heart is a double proteetive sae ealled the pericardium. Llnderlying the 
pericardium is the heart muscle (myocardium), vvhieh is a speeialised type of muscle that is 
branehed in its structure and is laid dovvn in spiral bundles to make up the vvalls of the various 
heart ehambers. 

Gontrol of the heart muscle is aehieved by the use of a speeialised series of nerve eells that 
make up the conduction system of the heart, including: 

• the SA node, the paeemaker of the heart; 

• the AV node, an area of the hearfs conduction system that eontrols the delivery of the aetion 
potential to the ventrieles; 

• Purkinjefibres, conductivefibres that aid rapid distribution of the aetion potential throughout 
the ventrieles. 

Blood flovv through the heart is based on ehanges of pressure in the eardiae eyele.These pres- 
sure ehanges also lead to the opening and elosing of the eardiae valves, thus further eontrolling 
blood flovv. 

Regulation of the hearfs aetivity is based on the aetions of: 

• hormones, espeeially adrenaline; 

• autonomic nervous system aetivity, for instanee via the cardiovascular eentres. 

O^GIossary i 

Aetìon potentìal Momentary ehange in the eleetrieal status of a eell vvall. 

Afterload The'load'that the heart has to pump against mostly ereated by the blood pressure in 
the arteries. 

Aorta Main artery leading from the left ventriele. 

Aortìe valve Semilunar valve that lies betvveen the left ventriele and the aorta. 

Arteríal Pertaining to the arteries. 

Arteríal blood Blood earried in the arteries. 

Atria Llpper ehambers of the heart (singular = atrium). 

Atríoventrícular bundle Bundle of conductive nerve fibres that transmit aetion potentials from 
the AV node to the ventricular conduction system. Othervvise knovvn as the bundle of His. 

Atríoventrícular node Othervvise knovvn as the AV node. Speeialised area of eardiae eells loeated 
just above the point vvhere the right atrium and right ventriele meet. 


247 
















ehapter 8 


The eardiae system 


248 



Atrìoventrìcular valve Collective name for the two valves that lie between the atria and the ven- 
trieles (bicuspld and tricuspid). 

Automatìcìty The ability of eertain eells to generate their own aetion potential without an external 
stimulus. 

Baroreeeptors Speeialised meehanieal reeeptors loeated in the aortie areh and the earotid sinus. 

Bíeospìd valve The AV valve that lies between the left atrium and the left ventriele. Also known as 
the mitral valve. 

Bundle of Hís See atrìoventrícular bundle. 

Gardìae aetìon potentìal Speeialised aetion potential of the heart muscle eells, it is of longer dura- 
tion than normal cellular aetion potentials. 

Gardìae eyele The sequence of events that occurs when the heart beats. 

Gardìae output The amount of blood pumped out by a ventriele in millilitres per minute. 

eardìoìnhìbìtory eentre Part of the cardiovascular eentre; when stimulated, the major effeet is to 
slow down the heart rate. 

Cardìovascular eentre Loeated in the medulla oblongata, this eentre eontrols most of the nervous 
aetivity that affeets the heart. 

Goronary arterìes Arteries that supply the myocardium with oxygenated blood. 

Goronary sìnus Golleetion of veins that eome together to form a single large vessel that returns 
blood from the myocardium to the right atrium. 

Depolarísatìon Ghange in the eleetrieal potential of a eell membrane to a more positive eharge. 
Desmosomes A speeialised eell structure whose function is to hold eells together. 

Dìastole The relaxation of a heart ehamber (atrium or ventriele). 

Díerotíe noteh A small bump in the pressure traeing of the arteries ereated by a backflow of blood 
after the closure of the aortie valve. 

End dìastolíe pressure The pressure ereated by the blood in a named ehamber (usually the left 
ventriele) at the end of diastole. 

End díastolíe volume The volume of blood in a named ehamber (usually the left ventriele) at the 
end of diastole. 

Endocardìum Innermost layer that lines the ehambers of the heart and also lines the eardiae valves. 

Epìthelìum Layer of body tissue that lines the inside of eavities and the surface of many 
structures. 

Fíbrous perícardìum The outer, tough layer of the pericardium that provides proteetion to the 
heart prevents overstretehing of the heart and helps to anehor the heart in plaee. 

Gap junctíon A speeialised eonneetion between eell membranes that allows the passage of ions 
and molecules. 

Hormone Ghemieal substance that is released into the blood by the endoerine system and has a 
physiologieal eontrol over the function of eells or organs other than those that ereated it. 

Inferìor vena eava Large vein that returns blood to the right atrium from the lower parts of the 
body. 
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Interatrìal septum Dividing wall between the atria. 

Interventrìcular septum Dividing wall between the ventrieles. 
lon An eleetrieally eharged atom or molecule. 
lsovolumetríc No ehange in volume (amount). 
l\/leclulla oblongata The lower half of the brainstem. 

Mìtral valve See bìeospíd valve. 

Myoeardìom l\/luscle layer of the heart. 

Myoeyte Gardiae muscle eell. 

Nodal eells Otherwise known as paeemaker eells, these are speeialised eells that not only ereate 
eleetrieal impulses but ereate them at regular intervals. The two main groupings of these eells are 
loeated in the SA node and the AV node. 

Parìetal perìcardìum The outer layer of the serous pericardium, it is fused to the fibrous 
pericardium. 

Perìeardìal fluìd A thin film of fluid that reduces the frietion between the perieardial membranes 
as the heart moves during its eyele of eontraetion and relaxation. 

Perícardìum Double-layered sae that surrounds the heart. 

Pulmonary cìrculatíon Circulatory system of the lungs. 

Pulmonary valve Semilunar valve that lies between the right ventriele and the pulmonary 
circulation. 

Pulmonary veìns Veins of the pulmonary circulation that return blood from the lungs to the left 
atrium. 

Purkìnje fìbres (system) Speeialised conductive fibres that rapidly transport aetion potentials 
through the ventriele walls. 

Repolarìsatìon Return of the eleetrieal potential of a eell membranetoa negative resting state. 
Sareolemma Cell membrane of a muscle eell. 

Semílunar valves The valves that lie between the ventrieles and the pulmonary or systemie 
circulation (aortie valveand pulmonary valve). 

Septum A dividing wall. 

Serous perícardìum Inner (double) layer of the pericardium eomprised of the parietal and viseeral 
perieardial layers. 

Sìnoatrìal node Otherwise known as the SA node. Speeialised area of eardiae eells loeated in the 
upper part of the right atrium. Usually referred to as the paeemaker of the heart. 

Stroke volume The amount of blood ejeeted by a ventriele in one beat. 

Superíor vena eava The large vein that returns blood to the right atrium from the upper part of the 
body. 

Systemíe cìrculatíon The circulatory system of the body (excluding the lungs). 

Systole The eontraetion of a heart ehamber (atrium or ventriele). 

Tetany Sustained involuntary eontraetion of a muscle. 
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Trìcuspìd valve The AV valve that lies betvveen the right atrium and ventriele. 

Vasomotor eentre Part of the cardiovascular eentre; has effeets on heart rate and the foree of eon- 
traetion of the heart. 

Venous Pertaining to the veins. 

Venous blood Blood earried in the veins. 

Ventrìeles The large lovver ehambers of the heart. 

Vìseeral perìcardìum The inner layer of the serous pericardium (othervvise knovvn as the 
epicardium); adheres tightly to the surface of the heart. 
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Further readìng 

Brìtísh Heart Foundatìon 

https://vvvvvv.bhf.org.uk/ 

The British Heart Foundation is the UK's largest eharity for heart disease. The vvebsite has many 
useful resources for patients and professionals. 
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Arrhythmia Allíanee 

http://www.heartrhythmcharity.org.uk/www/436/0/About/ 

The Arrhythmia Allianee is an allianee of several independent eharities devoted to raising awareness 
of heart arrhythmias, improving diagnosis and improving the life of people wlth arrhythmias. 


Resuscitation Council (UK) 

https://www.resus.org.uk/index.html 

The Resuscitation Council (UK) is an organisation devoted to promoting evidenee-based resus- 
eitation guidelines and contributing to saving lives through training and education. 
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Aetìvítìes 

Mnltiple ehoiee questions 

1. The double sae surrounding the heart is: 

(a) the myocardium 

(b) the pericardium 
(e) the endocardium 

(d) the epicardium 

2. Which heart ehamber has the thiekest muscle wall? 

(a) right ventriele 

(b) rightatrium 

(e) left ventriele 

(d) leftatrium 

3. Blood flowing into the right atrium eomes from: 

(a) the lungs 

(b) the body (systemie circulation) 

(e) the left heart 

(d) the right heart 

4. Blood pumped out from the left heart is earried by: 

(a) the vena eava 

(b) the pulmonary arteries 

(e) the aorta 

(d) theeoronary arteries 

5. The eontraetion of a heart ehamber is known as: 

(a) automaticity 

(b) diastole 

(e) isovulmetric 

(d) systole 

6 . The blood flow through the heart is caused by ehanges in: 

(a) pressure 

(b) eleetrieity 

(e) transport molecules 
(d) oxygen 



ehapter 8 


The eardiae system 






True or 

1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 
9. 

10 . 


The artery supplying blood to the front of the left ventriele is: 

(a) the posterior deseending artery 

(b) the circumflex artery 

(e) the right eoronary artery 

(d) the left anterior deseending artery 

Normal eleetrieal excitation of the heart begins in: 

(a) the bundle of His 

(b) the Purkinje fibres 

(e) the AV node 

(d) the SA node 

The effeet of inereased parasympathetie nervous system aetivity is to: 

(a) inerease heart rate 

(b) deerease heart rate 

(e) inerease foree of eontraetion 

(d) deerease foree of eontraetion 
Preload is mostly a faetor of: 

(a) ESV 

(b) EDV 

(e) the Frank-Starling law 
(d) adrenaline release 

false 

Gardiae muscle eontraetions last 10-15 times longer than skeletal muscle eontraetions. 

The right ventriele has a thinner wall than the left ventriele. 

Age is a risk faetor for heart valve ineompetenee. 

The volume of blood remaining in the ventriele at the end of a ventricular eontraetion is 
the EDV. 

Thyroxine hormone release only affeets heart rate. 

The eardioinhibitory eentre eontrols the sympathetie nervous outflow to the heart. 

Gardiae eatheterisation ean be performed through the femoral artery. 

It is possible for there to be eleetrieal aetivity in the heart in eardiae arrest. 

Endothelium eovers the heart valves as well as the inner layer of the heart. 

The AV node is the paeemaker of the heart. 
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Label the diagram 1 

Label the diagram using the follovving list of vvords: 

Superior vena eava, Pulmonary valve, Right atrium, Right ventriele, Inferior vena eava, Left 
atrium, Left ventriele, lnterventricular septum, Deseending aorta 



Label the diagram 2 

Dravv arrovvs on the diagram belovv to shovv blood flovv through the heart. 
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Aortie, Endocardium, Pericardium, Sareomere, Stenosis, Apex, Mitral, Pulmonary, Semilunar, 
Thoraeie, Atrium, Myoeyte, Purkinje, Septum, Tricuspid, Cusp, Myofìbril, Refraetory, Sinoatrial, 
Valve, Diastole, Node, Sareolemma, Sinus, Venous 

Fìll In the blanks 

Normal eleetrieal excitation/distribution begins in the_node, which is loeated in the 

right_, and is rapidly transmitted aeross the atria by fast pathways. The impulse is 

transmitted to the_(AV) node where further transmission is delayed for approxi- 

mately 0.1_.This ensures that the atria have eompletely eontraeted before ventricu- 

lar_is initiated. Onee the impulse has been 'held'in the AV node it is then transmitted 

down the bundle of His (AV bundle) to the fast pathways of the two_branehes. The 

bundles then divide into the smaller and smaller branehes of the_system which 

transmits the impulses to the muscles of the_. 


atrioventricular, seeonds, eontraetion, atrium, ventrieles, sinoatrial, Purkinje, bundle 
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Find out more 

1. What preparation does a patient require prior to a eardiae eatheter (angiogram)? 

2. What is eardiae rehabilitation? 

3. What are the risk faetors for eoronary artery disease? 

4. What adviee should be given to a patient after they have had a paeemaker implanted? 

5. A patient you are earing for requires eoronary artery bypass graft surgery. Find out whatyou 
ean do to help the patient understand the operation they are going to have? 

6 . What would you advise a patient who wants to know howto start exercise aftera myoeardial 
infaretion? 

7. What blood tests are earried out to deteet a myoeardial infaretion? 

8 . Why is aspirin preseribed to patients with eoronary heart disease? 

9. Different leads on a 12-lead ECG reading eorrespond to different parts of the heart. Find out 
which lead represents which territory of the heart. 

10. Why does a person's resting heart rate deerease the fitter they are? 


eonditions 

The following is a list of eonditions that are assoeiated with the eardiae system.Take some time 
and write notes about eaeh of the eonditions. You may make the notes taken from text books or 
other resources (e.g. people you work with in a elinieal area), or you may make the notes as a 
result of people you have eared for. If you are making notes about people you have eared for you 
must ensure that you adhere to the rules of eonfìdentiality. 


Heart failure 


Myoeardial infaretion 



Aortie stenosis 
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Mitral regurgitation 
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The digestive system 

Louise MeErlean 


Test your prior knovvledge 

• What is the main function of the digestive system? 

• List the structures that form the digestive system. 

• List the hormones and enzymes involved in the digestive system. 

• Name the main food groups. 

• Differentiate betvveen macronutrients and micronutrients. 


Learning onteomes 

After reading this ehapter you vvill be able to: 

• Identify the organs of the digestive system, including the aeeessory organs of the digestive 
system 

« Deseribe the functions of eaeh of these organs, as vvell as the overall functlon of the digestive 
system 

• Explain the aetion of the enzymes and hormones assoeiated vvith the digestion of proteins, 
earbohydrates and fats 

• Deseribe vvhat proteins, earbohydrates and fats are broken dovvn into and hovv the body uses 
these constituent parts 

• Deseribe the structure and function of the aeeessory organs of the digestive system 

• List the eommon vitamins and minerals and the problems assoeiated vvith a defieit or excess 


Fandamentals ofAnatomy and Physiology: For Narsing and Heaitheare Stadents, Seeond Edition, Edited by lan Peate and Moralitharan Nair. 
© 2017 John VViley & Sons, Ltd, Poblished 2017 by John VViley & Sons, Ltd, 

Stodent eompanion vvebsite: vvvvvv.vvileyfundamentalseries.com/anatomy 
lnstructor eompanion vvebsite: vvvvvv,vviley.com/go/instructor/anatomy 
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Stomaeh 

Panereas 
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stomaeh) 


lntroductìon 

The digestive system is also knovvn as the gastrointestinal system or the alimentary eanal. 
This vast system is approximately 10 m long. It travels the length of the body from the 
mouth through the thoraeie, abdominal and pelvie eavities, vvhere it ends at the anus (see 
Figure 9.1). The digestive system has one major function: to eonvert food from the diet into 
a form that ean be utilised by the eells of the body in order to earry out their speeifie func- 
tions.This ehapter discusses the structure and function of the digestive system and explains 
hovv dietary nutrients are broken dovvn and used by the body for eell metabolism and for 
grovvth and repair. 


The aetívíty of the dìgestìve system 

The aetivity of the digestive system ean be eategorised into five proeesses: 

• Ingestìon: taking food into the digestive system. 

• Propulsìon: moving the food along the length of the digestive system. 

• Dìgestìon: breaking dovvn food. This ean be aehieved meehanieally as food is ehevved or 
moved through the digestive system, or ehemieally by the aetion of enzymes mixed vvith the 
food as it moves through the digestive system. 

• Absorptìon: the products of digestion exit the digestive system and enter the blood or lymph 
eapillaries for distribution to vvhere they are required. 

• Elìmìnatìon: the vvaste products of digestion are excreted from the body as faeees. 
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Fìgure 9.1 The digestive system. Soi/ree:Tortora and Derriekson (2009). Reproduced with permission 
of John Wiley & Sons. 

The organìsatìon of the dìgestìve system 

The digestive system eonsists of the main digestive system structures and the aeeessory organs. 
The main digestive system structures include the mouth, pharynx, oesophagus, stomaeh, small 
intestine and large intestine. Aeeessory organs also contribute to the function of the digestive 
system.The aeeessory organs are the salivary glands, the liver, the gallbladder and the panereas. 

The dìgestíve system organs 

The mouth (oral eavíty) 

Food enters the mouth or oral eavity, and this is where the proeess of digestion begins. The oral 
eavity eonsists of several structures (see Figure 9.2). Food enters the oral eavity in a proeess 
ealled ingestion.Thefood mixes with saliva. 























ehapter 9 


The digestive system 


260 


Hard palate — 
Soft palate- 

Uvula- 

Gheek - 

Molars - 

Premolars - 

Cuspid (eanine) 

ineisors - 

Oral vestibule - 



Superior lip 


Palatine tonsil 
Tongue 

Lingual frenulum 

Opening of duct of 
submandibular gland 


Gingivae (gums) 


Inferior lip (pulled down) 
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Fìgure 9.2 The oral eavity. Source: Tortora and Derriekson (2009). Reproduced with permission of 
John Wiley & Sons. 


The lìps and eheeks are formed of muscle and eonneetive tissue. This allows the lips and 
eheeks to movefood mixed with saliva around the mouth and begin meehanìeal dìgestìon.The 
teeth contribute to meehanieal digestion by grinding and tearing food.This proeess of chewing 
and mixing food with saliva is ealled mastìeation.Theoral eavity ean be exposed to very hot and 
very eold food as well as rough food partieles. It is lined with mucus-secreting, stratified squa- 
mous epithelial eells. This layer provides some proteetion against abrasion, the effeets of heat 
and continuous wear and tear. 

The lips and eheeks are also involved in speeeh and faeial expression. 

Tongue 

The tongue is a large, voluntary muscular structure that occupies much of the oral eavity. It is 
attaehed posteriorly to the hyoìd bone and inferiorly by the frenulum (see Figure 9.2). 

The superior surface of the tongue is eovered in stratified squamous epithelium for proteetion 
against wear and tear. This surface also eontains many little projeetions ealled papillae. The 
papillae (or taste buds) eontain the nerve endings responsible for the sense of taste (Tortora and 
Derriekson, 2012).The taste buds contribute to our enjoyment of food. As well as taste, other 
functions of the tongue include swallowing (deglutition), holding and moving food around the 
oral eavity and speeeh. 
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Palate 

The palate forms the roof of the mouth and eonsists of two parts: the hard palate and the soft 
palate.The hard palate is loeated anteriorly and is bony.The soft palate lies posteriorly and eon- 
sists of skeletal muscle and eonneetive tissue (see Figure 9.2).The palate plays a part in swallow- 
ing. The palatìne tonsìls lie laterally and are lymphoid tissue. The uvula is a fold of tissue that 
hangs down from the eentre of the soft palate. 


Teeth 

Temporary teeth are also known as deciduous teeth or milk teeth. Temporary teeth begin to 
appear at about 6 months old. There are 20 temporary teeth, and these are replaeed by perma- 
nent teeth from about the age of 6 years (Nair and Peate, 2013). There are 32 permanent teeth. 
Sixteen are loeated in the maxilla areh (upper) and 16 are loeated in the mandible (lower) (see 
Figure 9.3). 

Ganines and ineisors are cutting and tearing teeth. Premolars and molars are used for the 
grinding and chewing of food. Despite their different functions and shape, the structure of eaeh 
tooth is the same.The visible part ofthe tooth is ealled the crown.The crown sits above the gum 
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Fìgure 9.3 (a, b) Teeth. Soi/ree: Tortora and Derriekson (2009). Reproduced with permission of John 

Wiley &Sons. 
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or gìngìva.The eentre of the tooth is ealled the pulp eavìty. Blood and lymph vessels as well as 
nerves enter and leave the tooth here.The tooth reeeives nutrients and sensations via the pulp. 
Surrounding this is a ealeified matrix, not unlike bone, ealled the dentìne. Surrounding the den- 
tine is a very hard, proteetive material ealled enamel. The neek of the tooth is where the crown 
meets the root.The teeth are anehored in a soeket with a bone-like material ealled cementum, 
and the function of the teeth is to chew (mastieate) food. 

Salivaryglands 

There are three pairs of salivary glands (see Figure 9.4). The parotìd glands are the largest and 
they are loeated anterior to the ears. Saliva from the parotid glands enters the oral eavity elose to 
the level of the seeond upper molar tooth.The submandibular glands are loeated below the jaw 
on eaeh side of thefaee. Saliva from these glands enters the oral eavity from beside thefrenulum 
of the tongue.The sublingual glands are the smallest.They are loeated in thefloor of the mouth. 

Although saliva is continuously seereted in order to keep the oral eavity moist the aetivity of 
the parasympathetie fibres that innervate the salivary glands will lead to an inereased produc- 
tion of saliva in response to the sight smell or taste of food. The aetion of sympathetie fibres 
leads to a deereased seeretion of saliva. 

In health, approximately 1-1.5 L of saliva are seereted daily. Saliva eonsists of: 

• water 

• salivary amylase 

• mucus 


Parotid duct 
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Submandibular duct 

Mylohyoid muscle 
Submandibular gland 


Fìgure 9.4 Salivary glands. Source: Tortora and Derriekson (2009). Reproduced with permission of 
John Wiley & Sons. 

















The digestive system 


ehapter 9 


• mineral salts 

• lysozyme 

• immunoglobulins 

• blood elotting faetors. 

Saliva has several important functions: 

• Salivary amylase is a digestive enzyme responsible for beginning the breakdovvn of 
earbohydrate molecules from complex polysaeeharides to the disaeeharide maltase. 

• The fluid nature of saliva helps to moisten and lubricate food that enters the mouth. This 
makes it easier to hold the food in the mouth and also assists in forming the food into a bolus 
in preparation for svvallovving. 

• The continuous seeretion of saliva is eleansing and helps to maintain moisture in the oral 
eavity. A laek of moisture ean lead to oral mucosal infeetions and formation of mouth ulcers. 

• The oral eavity is an entry route for pathogens from the external environment. Lysozyme, a 
constituent of saliva, has an antibaeterial aetion. lmmunoglobulin and elotting faetors also 
contribute to the prevention of infeetion. 

• Taste is only possible vvhen food substances are moist. Saliva is required to moisten food. 



Moyth eare 

Patients vvho are ill are often dehydrated and therefore the production of saliva is reduced.This ean 
lead to an inereased risk of oral infeetions, as vvear and tear vvithin the oral eavity inereases. Reduced 
amounts of saliva lead to less vvashing avvay of pathogens to the aeid environment of the stomaeh 
vvhere they may be destroyed. The oral eavity provides a route for pathogens to enter the respira- 
tory traet and therefore good oral hygiene praetiees may help prevent respiratory infeetions, par- 
ticularly in patients vvho are vulnerable because of acute illness, eaneer treatments or immobility. 

When patients are ill, diet is essential for tissue repair and healing; hovvever, a laek of saliva vvill 
lead to the food not tasting as it should. The food vvill not easily form into the required bolus size 
for easeof svvallovving.This may putthe patient offeating and drinking and may lead to the patient 
losing their appetite and potentially delayed healing. 

III health ean lead to negleet of hygiene standards for individuals. l\/louth eare is easy for patients 
to ignore vvhen they are feeling poorly. Hovvever, it is an essential eonsideration for nursing. 


Pharynx 

The pharynx eonsists of three parts: the oropharynx, the nasopharynx and the laryngophar- 
ynx. The nasopharynx is eonsidered a structure of the respiratory system.The oropharynx and 
the laryngopharynx are passages for both food and respiratory gases (see Figure 9.5). The epi- 
glottís is responsible for elosing the entranee to the larynx during svvallovving, and this essential 
aetion prevents food from entering the larynx and obstructing the respiratory passages. 

Swallowing (deglatition) 

Onee ingested food has been adequately ehevved and formed into a bolus it is ready to be svval- 
lovved. Svvallovving (deglutition) occurs in three phases. 
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(a) Position of structures before swallowing 


(b) During the pharyngeal stage of swallowing 


Fìgure 9.5 (a, b) Swallowing. Soi/ree: Tortora and Derriekson (2009). Reproduced with permission of 

John Wiley & Sons. 


1. The voluntary phase: During this phase the aetion of the voluntary muscles serving the oral 
eavity manipulates the food bolus into the oropharynx. The tongue is pressed against the 
palate and this prevents the food from moving forward again. 

2. The pharyngeal phase: During this phase a reflex aetion is initiated in response to the 
sensation of the food bolus in the oropharynx. This reflex is eoordinated by the swallowing 
eentre in the medulla oblongata, and the motor response is eontraetion of the muscles of the 
pharynx.The soft palate elevates, elosing off the nasopharynx and preventing the food bolus 
from using this route. The larynx moves up and moves forward, allowing the epiglottis to 
eoverthe entranee to the larynx so thefood bolus eannot move into the respiratory passages. 

3. The oesophageal phase: The food bolus moves from the pharynx into the oesophagus. 
Waves of oesophageal muscle eontraetions move the food bolus down the length of the 
oesophagus and into the stomaeh.This wave of muscle eontraetion is known as perìstalsís 
(see Figure 9.6). 


Oesophagus 

The food bolus leaves the oropharynx and enters the oesophagus. The oesophagus extends 
from the laryngopharynx to the stomaeh. It is a thick-walled structure, measuring about 25 em 
in length and lies in thethoraeieeavity, posteriorto the trachea.Thefunction oftheoesophagus 
is to transport substances (the food bolus) from the mouth to the stomaeh. Thiek mucus is 
seereted by the mucosa of the oesophagus, and this aids the passage of the food bolus and also 
proteets the oesophagus from abrasion. 

Theupperoesophagealsphincterregulatesthemovementofsubstancesintotheoesophagus, 
and the lower oesophageal sphineter (also known as the eardiae sphineter) regulates the 
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Fìgure 9.6 Peristalsis in the oesophagus. Source: Tortora and Derriekson (2009). Reproduced with 
permission of John Wiley & Sons. 


movement of substances from the oesophagus to the stomaeh.The muscle layer of the oesoph- 
agus differs from the rest of the digestive traet, as the superior portion eonsists of skeletal 
(voluntary) muscle and the inferior portion eonsists of smooth (involuntary) muscle. Breathing 
and swallowing eannot occur at the same time (Nair and Peate, 2013). 




dieines management 


Omeprazole 

Omeprazole is a medieine used to treat a number of digestive system eonditions, including 
dyspepsia, aeid reflux, oesophagitis and peptie ulcer disease. It belongs to a group of medieines 
known as proton pump inhibitors (Galbraith etal., 2007). Hydroehlorie aeid produced in the stom- 
aeh ean eseape into the oesophagus or the duodenum of the small intestine and irritate the delieate 
epithelium in these areas. Omeprazole works on the parietal eells in the stomaeh, inhibiting the 
production of hydroehlorie aeid. 

Omeprazole is usually preseribed as 20-40 mg onee daily. 

The eommon side effeets for patients taking omeprazole are: 


vomiting 
diarrhoea 
eonstipation 
pain (stomaeh) 
headaehes 
inereased flatulence 


nausea. 


N1CE (2014a) produces guidance on the investigation and management of dyspepsia. 
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The structure of the dìgestìve system 

There are four layers of tissue or tunicas that exist throughout the length of the digestive traet 
from oesophagus to anus (see Figure 9.7). 

The mucosa is the innermost layer. The products of digestion are in eontaet with this layer as 
they pass through the digestive traet. The mucosa eonsists of three layers: the mucous epithe- 
lium (mucous membrane), which is involved in the seeretìon of mucus and other digestive sys- 
tem seeretions such as saliva or gastrie juice. This layer helps to proteet the digestive system 
from the continuous wear and tear it endures. In the small intestine this layer is involved in 
absorptìon of the products of digestion.The next layer is the lamìna proprìa, which eonsists of 
loose eonneetive tissue that has a role in supporting the blood vessels and lymphatie tissue of 
the mucosa.The outermost layer is ealled the muscularís mucosa and eonsists of a thin smooth 
muscle layer that helps to form the gastrie pits or the mierovilli of the digestive system. 

The submucosa is a thiek layer of eonneetive tissue. It eontains blood and lymphatie vessels 
and some small glands. It also eontains Meìssner's plexus - nerves that stimulate the intestinal 
glands to seerete their products. 

The muscularìs eonsists of an inner layer of circular smooth muscle and an outer layer of lon- 
gitudinal smooth muscle. The stomaeh has three layers of smooth muscle, and the upper 
oesophagus has skeletal muscle. Blood and lymph vessels and the myenterìe plexus (a network 
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Fìgure 9.7 Structure of the digestive traet. Source: Tortora and Derriekson (2009). Reproduced with 
permission of John Wiley & Sons. 
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of sympathetie and parasympathetie nerves) are loeated betvveen the tvvo layers of smooth 
muscle.The vvave-like eontraetion and relaxation of this muscle layer are responsible for moving 
food along the digestive traet - a proeess knovvn as perìstalsìs (see Figure 9.7). Peristalsis helps 
to churn and meehanieally digest food. 

The outer layer of the digestive traet is the serosa (adventìtìa). The largest area of serosa is 
found in the abdominal and pelvie eavities and is knovvn as the perìtoneum.The peritoneum is 
a elosed sae.The viseeral peritoneum eovers the organs of the abdominal and pelvie eavity, and 
the parietal peritoneum lines the abdominal vvall. A small amount of serous fluid lies betvveen 
the tvvo layers. The peritoneum has a good blood supply and eontains many lymph nodes and 
lymphatie vessels. It aets as a barrier, proteeting the structures it eneloses, and ean aet to isolate 
areas of infeetion to prevent damage to neighbouring structures. 

Stomaeh 

The stomaeh lies in the abdominal eavity. It lies betvveen the oesophagus superiorly and the 
duodenum of the small intestine inferiorly. It is divided into regions (see Figure 9.8). 

The entranee to the stomaeh from the oesophagus is via the lovver oesophageal sphineter or 
eardiae sphineter. This leads to a small area vvithin the stomaeh ealled the eardìae regìon or eardìa. 
The fundus is the dome-shaped region in the superior part of the stomaeh.The body regìon occu- 
pies the spaee betvveen the lesser and greater curvature of the stomaeh, and the pylorìe regìon 
narrovvs into the pylorìe eanal.The pylorìe sphìneter eontrols the exit of ehyme from the stomaeh 
into the small intestine. Chyme is the name given to the food bolus as it leaves the stomaeh. 
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Fígure 9.8 The stomaeh. Soi/ree:Tortora and Derriekson (2009). Reproduced vvith permission of John 
Wiley &Sons. 
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The stomaeh is supplied with arterial blood from a braneh of the eeliae artery, and venous 
blood leaves the stomaeh via the hepatie vein. The vagus nerve innervates the stomaeh with 
parasympathetie fibres that stimulate gastrie motility and the seeretion of gastrie juice. 
Sympathetie fibres from the eeliae plexus reduce gastrie aetivity. 

The stomaeh has the same four layers of tissue as the digestive traet but with some differ- 
enees.The muscularis eontains three layers of smooth muscle instead of two. It has longitudinal, 
circular and oblique muscle fibres. The extra muscle layer faeilitates the churning, mixing and 
meehanieal digestion of food that occurs within the stomaeh, as well as supporting the onward 
journey of the food by peristalsis. 

The mucosa within the stomaeh is also different from the rest of the digestive traet. When the 
stomaeh is empty, the mucosal epithelia falls into long folds known as mgae. The rugae fill out 
when the stomaeh is full. A very full stomaeh ean eontain approximately 4 L, while an empty 
stomaeh eontains only about 50 mL (Marieb and Hoehn, 2010). The shape and size of the stom- 
aeh vary from person to person and depending on the quantity of food stored within it. 

The mucosa also eontains many gastrie glands that seerete many different substances (see 
Figure 9.9). 

• Surface mucous eells produce thiek biearbonate-eoated mucus. This thiek layer of mucus 
proteets the stomaeh mucosal epithelia from eorrosion by aeidie gastrie juice. When these 
eells beeome damaged they are quickly shed and replaeed. 
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Fígure9.9 Gastrieglandsand eells. Soi/ree:Tortora and Derriekson (2009). Reproduced with permission 
of John Wiley & Sons. 
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• l\/lucous neek eells also seerete mucus - this mucus is different from surface eell mucus. 

• Parìetal eells produce hydroehloríe aeìd and ìntrìnsíe faetor. Intrinsie faetor is neeessary for 

the absorption of vitamin vitamin is essential for the production of mature 

erythroeytes. Hydroehlorie aeid ereates the aeidie environment of the stomaeh (pH 1-3) and 
begins denaturing dietary protein in preparation for the aetion of pepsin. 

• ehìef eells produce pepsinogen, which is eonverted to pepsìn in the presenee of hydroehlorie 
aeid. Pepsin is neeessary for the breakdown of protein into smaller peptide ehains. 

• Enteroendoerìne eells, such as g eells, produce a variety of hormones, including gastrìn. 
These hormones help regulate gastrie motility. 

This eoneoetion of seeretions plus water and mineral salts is more eommonly ealled gastrie 
juice. About 2 L of gastrie juice is produced daily. 


Snapshot ~ 

Hydrogen breath test 

This is a test that uses the measurement of hydrogen in the breath to diagnose a number of eondi- 
tions that cause gastrointestinal symptoms. Limited hydrogen is produced from the small amounts 
of unabsorbed food that reaeh the eolon; large amounts of hydrogen may be produced when there 
is a problem with the digestion or absorption of food in the small intestine, which allows more 
unabsorbed food to reaeh the eolon. 

The hydrogen-eontaining blood travels to the lungs where the hydrogen is released and exhaled 
in the breath, where it ean be measured. Hydrogen breath testing is used in the diagnosis of three 
eonditions. The fìrst is a eondition in which dietary sugars are not digested normally. The most 
eommon sugar that is poorly digested is laetose. The seeond eondition is to diagnose baeterial 
overgrowth of the small bowel. The fìnal eondition is to diagnose rapid passage of food through 
the small intestine. All of these eonditions may cause abdominal pain, abdominal bloating and 
distension, flatulence and diarrhoea. 

Before the test the patient fasts for at least 12 h. At the start of the test, the patient blows 
into and fills a balloon with a breath of air. The eoneentration of hydrogen is measured in a 
sample of breath removed from the balloon.The patient then ingests a small amount of the 
test sugar (laetose, sucrose, sorbitol, fructose, lactulose, depending on the purpose of the test). 
Additional samples of breath are eolleeted and analysed for hydrogen every 15 min for 3 h and 
up to 5 h. 

The interpretation of the results of hydrogen breath testing depends on the sugarthat is used for 
testing, and the pattern of hydrogen production after the sugar is ingested. 

After ingestion of test doses of the dietary sugars, any production of hydrogen means that there 
has been a problem with digestion or absorption of the test sugar and that some of the sugar has 
reaehed the eolon. 


Regulation of gastrie juice seeretion is divided into three phases (see Figure 9.10). 

1. The eephalìe phase:The sight, taste or smell of food stimulates the seeretion of gastrie juice. 

2. The gastrìe phase: When food enters the stomaeh, the hormone gastrin is seereted into the 
bloodstream, and this stimulates the seeretion of gastrie juice.The seeretion of hydroehlorie 
aeid reduces the pH of the stomaeh eontents, and when the pH drops below 2 the seeretion 
of gastrin is inhibited. 
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Fìgure9.10 Phases of gastricjuice seeretion. Soi/ree:Tortora and Derriekson (2009). Reproduced with 
permission of John Wiley & Sons. 
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3. The ìntestìnal phase: As the aeidie eontents of the stomaeh enter the duodenum of the 
small intestine the hormones seeretin and eholeeystokinin (CKK) are seereted. These 
hormones also aet to reduce the seeretion of gastrie juice and gastrie motility. 

The rate of gastrie emptying depends on the size and eontent of the meal. A large meal takes 
longer than a small meal. Liquids quickly pass through the stomaeh, while solids require longer 
to be thoroughly mixed with gastrie juice. Most meals will have left the stomaeh 4 h after 
ingestion. 

Thefunctions of the stomaeh are: 

• to aet as a store for food; 

• the production of mucus to proteet the stomaeh; 

• meehanieal digestion, by the churning aetion faeilitated by an additional layer of smooth 
muscle; 

• the mixing food with hydroehlorie aeid to help eradieate pathogens and denature proteins in 
preparation for the aetion of pepsin; 

• the production of ehyme; 

• the production of intrinsie faetor. 


Medieines management ~ 

Odansetron 

Nausea and vomiting are the most eommon digestive system symptoms. Vomiting (emesis) occurs 
when the emetie or vomiting eentre in the brain is aetivated. It ean be aetivated as a result of irrita- 
tion in the stomaeh.The irritation could be due to baeteria or often medieation. Some medieations 
eross the blood-brain barrier and stimulate the vomiting eentre. When stimulated, the abdominal 
muscles and diaphragm are aetivated and a reverse peristalsis occurs in the stomaeh, leading to the 
ejeetion of the stomaeh eontents (Marieb, 2009). 

This unpleasant reaetion ean be treated with medieations such as odansetron. Odansetron 
belongs to a group of medieations known as anti-emeties. It aets by bloeking serotonin, which 
promotes vomiting. 

The usual adult dose is 8 mg twice daily.This ean be adjusted aeeording to need. Odansetron is 
often preseribed during ehemotherapy, and the dose required may be inereased if this is pre- 
seribed. Odansetron may also be preseribed intravenously if the patient is too nauseous to tolerate 
oral medieation. 

The most eommon side effeets assoeiated with odansetron are: 

• eonstipation 

• headaehes 

• flushing. 

The side effeets assoeiated with this medieation are minimal, and allergy reaetions are only seen 
when given intravenously (Galbraith etal., 2007). 
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Fìgure 9.11 The small intestine. Source: Tortora and Derriekson (2009). Reproduced with permission 
of John Wiley & Sons. 

Small íntestíne 

The small intestine is approximately 6 m long. In the small intestine food is further broken down 
by meehanieal and ehemieal digestion, and absorption of the products of digestion takes plaee. 
The small intestine is divided into three parts (see Figure 9.11): 

1. The duodenum is approximately 25 em long. It is the entranee to the small intestine. 

2. The jejunum measures 2.5 m and is the middle part of the small intestine. 

3. The ileum measures 3.5 m. It meets the large intestine at the íleoeaeeal valve. This valve 
prevents the backflow of the products of digestion from the large intestine baek into the 
small intestine. 

The small intestine is innervated with both parasympathetie and sympathetie nerves. It 
reeeives its arterial blood supply from the superíor mesenteríe artery and nutrient-rich venous 
blood drains into the superíor mesenteríe vein and eventually into the hepatie portal vein 
towards the liver. 

There arefour types of eell present in the mucosa of the small intestine (see Figure 9.12): 

• The absorptive eell produces digestive enzymes and absorbs digested foods. 

• Goblet eells seerete mucus to proteet the intestine from abrasion and from the aeidie ehyme 
entering the small intestine. 

• Enteroendoerine eells produce regulatory hormones such as seeretin and CKK. These 
hormones are seereted into the bloodstream and aet on their target organs to release 
panereatie juice and bile. 

• Paneth eells produce lysozyme, which proteets the small intestine from pathogens that have 
survived the aeid eonditions of the stomaeh. Peyer's patehes (lymphatie tissue of the small 
intestine) also proteet the small intestine. 

Partially digested food enters the small intestine and spends from 3-6 h moving through its 
6 m length. The smooth muscle aetivity within the small intestine continues the proeess of 
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Fìgure 9.12 The eells vvithin the villi of the small intestine. Source: Tortora and Derriekson (2009). 
Reproduced vvith permission of John Wiley & Sons. 


meehanieal digestion. There are tvvo types of meehanieal digestion in the small intestine: 
segmental eontraetions, vvhieh help to mix the various enzymes in the small intestine vvith the 
eontents of the ehyme, and peristalsis, vvhieh propels the food dovvn the length of the small 
intestine as vvell as faeilitating mixing. 

ehemiealdigestioneompletesthebreakdovvn oftheearbohydratesjatsand proteins. Panereatie 
juice from the panereas, bile from the gallbladder and intestinal juice contribute to this. 

ehemieal digestion 

Within the small intestine, any earbohydrates that have not been broken dovvn by the aetion of 
salivary amylase vvill be broken dovvn by panereatie amylase. 

Bile vvill emulsify fat and fatty aeids, making it easier for lipase (also from the panereatie juice) 
to break the fats into fatty aeids and glyeerol. Proteins are denatured by hydroehlorie aeid in the 
stomaeh.lnthesmall intestinetheyarefurtheracted upon bytheenzymestrypsin,chymotrypsin 
and carboxypeptidase.The end product of protein digestion is tripeptidases, dipeptidases and 
amino aeids. 
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The small intestine produce 1-2 L of intestinal juice daily. It is seereted from the eells of the 
erypts of Lìeberkíjhn (loeated betvveen the villli) in response to either aeidie ehyme irritating 
the intestinal mucosa or distension from the presenee of ehyme in the small intestine. Intestinal 
juice is slightly alkaline (pH 7.4-8.4) and vvatery. Intestinal juice and panereatie juice from the 
panereas mix vvith the aeidie ehyme as it enters the duodenum and inerease the pH, thus pre- 
venting the eorrosive aetion of ehyme on the mucosa of the duodenum. Intestinal juice also 
eontains mucus, vvhieh helps proteet the intestinal mucosa, mineral salts and enterokinase. 

The primary function of the small intestine is absorption of vvater and nutrients, and it has 
several anatomieal adaptations to faeilitate this: 

• Permanent circular folds, ealled plìeae cìrculars, vvithin the mucosa and submucosa slovv 
dovvn the movement of the products of digestion, allovving time for absorption of nutrients 
to occur. 

• On the surface of the mucosa are tiny, finger-like projeetions ealled vìlli. At the eentre of the 
villi is a eapillary bed and a laeteal (lymph eapillary). This allovvs nutrients to be absorbed 
direetly into the blood or the lymph. 

• On the surface of the villi are eytoplasmie extensions ealled míerovíllí. The presenee of the 
mierovilli greatly inereases the surface area available for absorption. The appearanee of 
the mierovilli resembles the surface of a brush; henee it is ealled the brush border. The brush 
border produces some enzymes used to further break dovvn earbohydrates such as laetase, 
maltase, dextrinase and sucrase. It also produces enzymes to further break dovvn proteins: 
aminopeptidase, carboxypeptidase and dipeptidase. 

The absorption of nutrients occurs by diffusion or aetive transport. Some nutrients vvill be 
absorbed into the blood eapillary and some vvill be absorbed into the laeteal. 

Fanetion ofthe small intestine 

• Production of mucus to proteet the duodenum from the effeets of the aeidie ehyme. 

• Seeretion of intestinal juice and panereatie juice from the panereas inerease the pH of the 
ehyme to faeilitate the aetion of the enzymes. 

• Bile enters the small intestine to emulsify fat so that it ean be further broken dovvn by the 
aetion of lipase. 

• Many enzymes are seereted to eomplete the ehemieal digestion of earbohydrates, proteins 
and fats. 

• Meehanieal digestion is by peristalsis and segmentation, and slovvs dovvn to allovv adequate 
mixing and maximum absorption. 

• The small intestine is structurally designed vvith a large surface area for maximum absorption 
of the products of digestion. 

• The small intestine is vvhere the majority of nutrients, eleetrolytes and vvater are absorbed. 


The panereas 

The panereas is eomposed of exocrine and endoerine tissue. It eonsists of a head, body and tail 
(see Figure 9.13).The eells of the panereas are responsible for making the endoerine and exo- 
erine products. 

• The islet eells of the islets of Langerhans produce the endoerine hormones ínsulín and 
glucagon.These hormones eontrol earbohydrate metabolism. 
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Fìgure 9.13 The liver, gallbladder and panereas. Soi/ree: Tortora and Derriekson (2009). Reproduced 
with permission of John Wiley & Sons. 

• The aeìnì glands of the exocrine panereas produce 1.2-1.5 L of panereatìe juice daily. 
Panereatie juice travels from the panereas via the panereatie duct into the duodenum at the 
hepatopanereatie ampulla. 

• The eells of the panereatie ducts seerete biearbonate ions, which gives panereatie juice its 
high pH (pH 8).This helps to neutralise aeidie ehyme from the stomaeh, thus proteeting the 
small intestinefrom damage by the aeidity. Additionally, the aetions of amylase and lipase are 
most effeetive at the higher pH (pH 6-8). 

Panereatie juice eonsists of: 

• water; 

• mineral salts; 

• panereatie amylase, which eompletes the digestion of earbohydrates; 

• lipase, used in the digestion of fat; 

• trypsìnogen, ehymotrypsìnogen and procarboxypeptìdase, whìch are released ìn an 
inaetive form to proteet the digestive system structures from the protein-digesting enzymes 
that they beeome - onee they enter the duodenum they are aetivated by enterokinase from 
intestinal juice and beeome trypsin, ehymotrypsin and carboxypeptidase respeetively and are 
then used in the digestion of protein. 
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Two hormones regulate the seeretion of panereatie juice. Seeretìn, produced in response to 
the presenee of hydroehlorie aeid in the duodenum, promotes the seeretion of biearbonate ions. 
CKK, seereted in response to the intake of protein and fat promotes the seeretion of the enzymes 
present in panereatie juice. Parasympathetie vagus nerve stimulation also promotes the release 
of panereatie juice. 

In summary, the exocrine function of the panereas is to seerete panereatie juice into the duo- 
denum.The aetions of panereatie juice lead to the further breakdown of earbohydrate, fat and 
protein. 





jieines management 


Creon 

Creon is a medieation preseribed for patients who have eystie fìbrosis or panereatie insufficiency. It 
eontains the following enzymes: 


• amylase - for the breakdown of earbohydrate 

• lipase-forthe breakdown offats 

• proteases - for the breakdown of protein. 

Panereatie insufficiency ean occur as a result of panereatie eaneer, panereatie surgery and 
acute or ehronie panereatitis. In eystie fibrosis the ducts that transport the panereatie enzymes 
beeome obstructed with the inereased mucus production assoeiated with this disease pathway. 

The dosage of ereon required will depend on the diet of the patient. If the symptoms of loose 
stool and weight loss persist then the dose of ereon may be inereased. Creon is usually taken for 
life.There are some side effeets assoeiated with ereon, and these include 


• abdominal distension 

• nausea 

• vomiting 

• diarrhoea 

• eonstipation. 

The tablets are enterie eoated to proteet them from inaetivatlon in the stomaeh (Galbraith etal., 
2007). 

NICE (2010) produces a dinieal Knowledge Summary on managing ehronie panereatitis. 


The lìver and productìon of bíle 

The liver is the body's largest gland. It weighs between 1 and 2 kg. It lies under the diaphragm 
proteeted by the ribs. The liver occupies most of the right hypoehondriae region and extends 
through part of the epigastrie region into the left hypoehondriae region.The right lobe is the 
largest of the four liver lobes. On the posterior surface of the liver there is an entry and exit to 
the organ ealled the portal fissure. Blood, lymph vessels, nerves and bile ducts enter and leave 
the liverthrough the portal fissure. 

The liver is eomposed of tiny hexagonal-shaped lobules that eontain hepatoeytes (see 
Figure 9.14).The hepatoeytes are proteeted by Kupffer eells (hepatie macrophages).The Kupffer 
eells deal with any foreign partieles and worn-out blood eells. 
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Overvievv of histologieal eomponents of liver 

Fìgure9.14 Liver lobule. 5oi/rce:Tortora and Derriekson (2009). Reproduced with permission of John 
Wiley &Sons. 

Eaeh eorner of the hexagonal-shaped lobule has a portal triad. A braneh of the hepatie artery, 
a braneh of hepatie portal vein and a bile duct are present here. The hepatie artery supplies the 
hepatoeytes with oxygenated arterial blood.The hepatie portal vein delivers nutrient-rich deox- 
ygenated blood from the digestive traet to the hepatoeytes.The hepatocytes'function is to filter, 
detoxify and proeess the nutrients from the digestive traet. Nutrients ean be used for energy, 
stored or used to make new molecules. The liver sinusoids are large, leaky eapillaries that drain 
the blood from the hepatie artery and hepatie portal vein into the eentral vein.This proeessed 
blood is then drained into the hepatie vein and on to the inferior vena eava. 

As the blood flows towards the eentre of the triad to exit at the eentral vein, the bile produced 
by the hepatoeyte as a metabolie by-product moves in the opposite direetion towards the bile 
canaliculi and on to the bile ducts. Bile then leaves the liver via the eommon hepatie duct 
towards the duodenum of the small intestine. 

The liver produces and seeretes up to 1 L of yellow/green alkaline bile per day. Bile is eom- 
posed of: 

• bile salts such as bilirubin from the breakdown of haemoglobin 

• eholesterol 

• fat-soluble hormones 











ehapter 9 


The digestive system 



• fat 

• mineral salts 

• mucus. 

The function of bile is to emulsify fats, giving the fat-digesting enzymes (trypsin, ehymo- 
trypsin and carboxypeptidase) a larger surface area to work on. 

Bile is stored and eoneentrated in the gallbladder. 
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The functìons of the lìver 

Apart from the production of bile and the metabolism of earbohydrate, fat and protein (discussed 
further on in this ehapter), the liver has many additional functions: 

• detoxification of drugs - the liver deals with medieation, aleohol, ingested toxins and the 
toxins produced by the aetion of mierobes; 

• reeyeling of erythroeytes; 

• deaetivation of many hormones, including the sex hormones, thyroxine, insulin, glucagon, 
eortisol and aldosterone; 

• production of elotting proteins; 

• storage of vitamins, minerals and glyeogen; 

• synthesis of vitamin A; 

• heat production. 


The gallbladder 

The gallbladder is a small, green, muscular sae that lies posterior to the liver. It functions as a 
reservoir for bile. It also eoneentrates bile by absorbing water. The mucosa of the gallbladder, 
like the rugae of the stomaeh, eontains folds that allow the gallbladder to streteh in order to 
aeeommodate varying volumes of bile. When the smooth muscle walls of the gallbladder eon- 
traet bile is expelled into the eystie duct and down into the eommon bile duct before entering 
the duodenum via the hepatopanereatie ampulla. 

The stimulus for gallbladder eontraetion is the hormone GKK.This enteroendoerine hormone, 
seereted from the small intestine into the blood, is produced in response to the presenee of fatty 
ehyme in the duodenum. CKK stimulates the seeretion of panereatie juice and the relaxation of 
the hepatopanereatie sphineter. When the sphineter is relaxed, both bile and panereatie juice 
ean enter the duodenum. Figure 9.15 summarises the production and release of bile. 


The large íntestíne 

The eontents of the small intestine move slowly through it by a proeess ealled segmentation. 
This allows time to eomplete digestion and absorption. Entry to the large intestine is eontrolled 
by the ileoeaeeal sphineter. The sphineter opens in response to the inereased aetivity of the 
stomaeh and the aetion of the hormone gastrin. Onee food residue has reaehed the large intes- 
tine it eannot backflow into the ileum (see Figure 9.15). 

The large intestine measures 1.5 m in length and 7 em in diameter. It is continuous with the 
small intestine from the ileoeaeeal valve and ends at the anus. 

Food residue enters the caecum and has to pass up the aseending eolon along the transverse 
eolon, down the deseending eolon and out of the body via the rectum, anal eanal and anus.The 
caecum is a deseending, sae-like opening into the large intestine. The vermiform appendix is a 
narrow, tube-like structure that leaves the caecum but is elosed at its distal end. It is eomposed 
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Fìgure 9.15 The large intestine. Soi/ree: Tortora and Derriekson (2009). Reproduced with permission 
of John Wiley & Sons. 


of lymphoid tissue and has a role in immunity.Two sphineter muscles eontrol exitfrom the anus. 
The internal anal sphineter is smooth muscle and is under the eontrol of the parasympathetie 
nervous system, whereas the external anal sphineter is eomposed of skeletal muscle and is 
under voluntary eontrol. 


eiinieai eonsiderations ~ 

Appendieitis 

The narrow lumen of the appendix does not allow much room for inflammation. If it beeomes 
bloeked by faeeoliths (hard faeeal material) or beeomes twisted and kinked, this results in inflam- 
matlon of the appendix. The swelling assoeiated with this ean lead to ulceration of the mucosal 
lining.This presents initially as eentral abdominal pain that eventually loealises at the region of the 
appendix. Appendieitis ean subside, but often it results in abseess formation and even rupture. 


The large intestine mucosa eontains large numbers of goblet eells that seerete mucus to ease 
the passage of faeees and proteet the walls of the large intestine. The simple columnar epithe- 
lium ehanges to stratified squamous epithelium at the anal eanal. Anal sinuses seerete mucus in 
response to faeeal eompression.This proteets the anal eanal from the abrasion assoeiated with 
defaeeation. 
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The longitudinal muscle layer of the large intestine is formed into bands ealled the taeniae 
eoli. These give the large intestine its gathered appearanee. The sae ereated by this gathering is 
ealled a haustrum. 

Thefood residue from the ileum is fluid when it enters the caecum and eontains few nutrients. 
The small intestine is responsible for some of the absorption of water, but the primary function 
of the large intestine is to absorb water and turn the food residue into semi-solid faeees. The 
large intestine also absorbs some vitamins, minerals, eleetrolytes and drugs. Food residue usu- 
ally takes 24-48 h to pass through the large intestine; 500 mL of food residue enters the large 
intestine daily and approximately 150 mL leaves as faeees. 

As faeees enters the rectum, the stretehing of the walls of the rectum initiates the defaeea- 
tion reflex. Acquired, voluntary eontrol of the defaeeation reflex occurs between the ages of 2 
and 3 years. The external anal sphineter is under voluntary eontrol, and, if it is appropriate to do 
so, defaeeation ean occur. Gontraetion of the abdominal muscles and diaphragm (the Valsalva 
manoeuvre) ereates intra-abdominal pressure and assists in the proeess of defaeeation. If it is 
not appropriate to defaeeate, as it is under voluntary eontrol, it ean be postponed. After a few 
minutes the urge to go will subside and will only be felt again when the next mass movement 
through the large intestine occurs. 

Faeees is a brown, semi-solid material. It eontains fibre, stereobilin (from the breakdown 
of bilirubin), water, fatty aeids, shed epithelial eells and mierobes. Stereobilin gives faeees 
its brown colour. An excess of water in faeees results in dìarrhoea. This occurs when food 
residue passes too quickly through the large intestine, so that the absorption of water ean- 
not occur. Gonversely, eonstìpatìon occurs if food residue spends too long in the large 
intestine. 



Lactulose 

Lactulose belongs to a group of medieations ealled laxatives or aperients. It is used to treat eonsti- 
pation. Gonstipation occurs as a result of a laek of fluid intake or dehydration, a laek of exercise or 
immobility, during pregnaney or due to a laek of dietary fìbre. 

People who suffer from eonstipation should try to inerease their mobility and fluid levels. They 
should examine their diet to see whether additional fìbre ean be taken. Lactulose may also be 
preseribed. 

The usual adult dose for lactulose is 15 mL three times a day. Lactulose aets in the large intestine 
and ean take 48 h to have an effeet. inereasing fluid intake to 2 L will also help. 

Lactulose is an osmotie laxative (Galbraith etal., 2007). Lactulose leads to a ehange in the osmotie 
pressure in the bowel, and therefore more water is available in the intestine. This leads to the stool 
having more water eontent, making it pass through the intestine easier. 

The side effeets of taking lactulose include: 

• nausea 

• diarrhoea 

• flatulence 

• abdominal diseomfort. 

NICE (2014b) produces a dinieal Knowledge Summary on eonstipation. 
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Dìgestíve traet hormones 

Many hormones are responsible for the aetivity of the digestive system. A summary of their role 
is eontained in Table 9.1. 

Nutrìtìon, ehemìeal dígestíon and metabolísm 

This ehapter has hitherto eoneentrated on how the digestive traet deals with food ingested in 
order to break it down into its constituent parts for use by the eells of the body.This seetion will 
eonsider nutrition and the role of a balaneed diet in health. 

An adequate intake of nutrients is essential for health. Nutrition also has an important role in 
soeial and psyehologieal well-being. If managed inappropriately, nutrition ean lead to many 
physieal and psyehologieal illnesses. Therefore, it is important to have an understanding of the 
role of nutrients within the body in order to understand how a laek or excess of nutrients will 
lead to ill health. 

The remainder of this ehapter will identify the maero- and micronutrients and thefood groups 
that provide the source of maero- and micronutrients. It will examine what the nutrients are 
broken down into and how the body uses these constituent parts. 

Nutríents 

A nutrient is a substance that is ingested and proeessed by the gastrointestinal system. It is 
digested and absorbed and ean be used by the body to produce energy or beeome the building 
bloekfor a new molecule orto partieipate in essential ehemieal reaetions. Nutrients are required 
for body growth, repair and maintenanee of eell function. Not all offood ingested ean be elassed 
as nutrients. Some non-digestible plant fibres are not nutrients but are required for healthy 
functioning of the digestive system. 


Table 9.1 Summary of the role of the digestive system hormones 


Hormone 

Orìgìn 

Target 

Aetíon 

Stìmulus 

Gastrin 

Stomaeh 

Stomaeh 

inereases gastrie gland seeretion 
of hydroehlorie aeid 

Gastrie emptying 

Presenee of protein in 
the stomaeh 

Seeretin 

Duodenum 

Stomaeh 

Inhibits gastrie gland seeretion 
Inhibits gastrie motility 

Aeidie and fatty ehyme 
in the duodenum 



Panereas 

inereases panereatie juice 
seeretion 

Promotes eholeeystokinin aetion 




Liver 

inereases bile seeretion 


eholeeystokinin 

Duodenum 

Panereas 

inereases pancreaticjuice 
seeretion 

ehyme in the duodenum 



Gallbladder 

Stimulates eontraetion 




Hepatopanereatie 

sphineter 

Relaxes - entry to duodenum 
open 
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Fats, oils and sweets 
Use sparingly 


Milk, yogurt and eheese group 


Vegetable group 




2-3 servings 


3-5 servings 



Meat, poultry, fish, dry beans, eggs 


and nuts group 


2-3 servings 


Fruit group 



3-5 servings 



Bread, eereal, riee 
and pasta group 


6-11 servings 


Fìgure9.16 Thefood pyramid.Soi/reeiTortora and Derriekson (2009). Reproduced with permission of 
John Wiley & Sons. 

Balaneed diet 

The body has the ability to break down some nutrients in order to ereate new molecules, but this 
ability is finite and there remains a group of essential nutrients that the body eannot make but 
are required to be ingested in the diet for homeostasis to be maintained. A balaneed diet is 
therefore essential for health (Department of Health, 2003).The daily reeommended portions of 
food groups required for a balaneed diet are shown in the food pyramid (see Figure 9.16). Laek 
of a balaneed diet ean lead to malnourishment and overindulgence ean lead to obesity. 


OTil •í.i lW 


Bariatrie surgery 

Bariatrie surgery is used as a last resort to treatthose who are severely obese.The procedure works 
by reducing intake or the absorption of ealories and is used to treat people with potentially life- 
threatening obesity if other treatments (e.g. lifestyle ehanges) have not worked. indieations include: 

• a body mass index (BMI) greater than 40; 

® a BMI of 35 or above and having another serious health eondition that may be improved if 
weight is lost (e.g. type 2 diabetes or hypertension); 

• other non-surgical methods have failed to maintain weight loss for at least 6 months; 

• the person eommits to long-term follow-up. 

Weight loss surgery ean help to signifìeantly and quickly reduce excess body fat for those who meet 
the eriteria. Bariatrie surgery has to be undertaken in a speeialist eentre with long-term follow-up of 
patients. National guidelines are available eoneerning bariatrie surgery. Gontraindieations include 
those who are unfìt for surgery and those people with an uncontrolled aleohol or drug dependeney. 
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Dietary nutrients begin life as large food molecules. They enter the digestive traet and are 
broken down into smaller molecules.This proeess is ealled eatabolism. Digestive enzymesfaeili- 
tatethe breakdown of foods by a proeess ealled hydrolysis. Hydrolysis is the addition of waterto 
breakdown the ehemieal bonds of thefood molecules. Eaeh of the three different types of food 
is broken down (lysed) by different enzymes. 


Nutrìentgroups 

Garbohydrates, proteins and lipids are known as the major nutrients or macronutrients.They are 
required in quite largequantities.Vitaminsand mineralsare required in much smaller quantities, 
but they also are crucial for the maintenanee of health. They are also known as the micronutri- 
ents. There are therefore six elasses of nutrients: 
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water 

earbohydrates 
proteins 
lipids (fats) 
vitamins 
minerals. 


Water 

Water is essential for the aetion of many digestive system functions. It is required to produce 
the many different juices of the digestive system. As the enzymes aet on the different food 
molecules within the diet, water is added. This proeess is known as hydrolysis (Cohen and 
HulL 2015). 

earbohydrates 

Monosaeeharides, disaeeharides and polysaeeharides are all earbohydrates. The dietary source 
of earbohydrates is plants. However, the milk sugar laetose is a form of earbohydrate found in 
cow and human milk. Garbohydrates are found in many foods, such as bread, pasta, eereal, bis- 
cuits, vegetables and fruit. 

Garbohydrates eonsist of earbon, hydrogen and oxygen. They ean be complex, such as the 
polysaeeharides stareh and glyeogen, or simple, such as the disaeeharides sucrose (table sugar) 
and laetose (milk sugar) and the monosaeeharides glucose, fructose and galaetose. 

Digestion of earbohydrates supplies the body with fructose, galaetose and glucose. The 
liver eonverts fructose and galaetose to glucose as glucose is the molecule used by the 
body's eells. 

Digested earbohydrates are absorbed into the blood via the villi of the small intestine. They 
enter the hepatie portal circulation and are transported to the liver for proeessing. The liver is a 
highly metabolie organ that requires a plentiful supply of glucose to earry out its metabolie 
aetivity. 

Glucose is used by the eells to produce adenosine triphosphate (ATP). Glucose plus oxygen 
makes ATR earbon dioxide and water. The proeess of breaking down glucose is ealled 
glyeolysis. 

Insufficient earbohydrate intake will lead to an inability to meet the eells'energy demands. If 
this happens, the body will break down amino aeids and lipids to ereate new glucose, a proeess 
ealled gluconeogenesis. 

Excess glucose is eonverted to glyeogen and stored in the liver. It ean also be eonverted to fat 
and stored. 
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Fats 

Dietary sources of fat include butter, eggs, eheese, milk, oily fish and the fatty part of meat.These 
eontain saturated fat which is mainly saturated fatty aeids and glyeerol. Vegetable oils and mar- 
garine are sources of unsaturated fats. The body ean also ereate fat from excess earbohydrate 
and protein intake. 

Fat also eontains earbon, hydrogen and oxygen, but in a different eombination from 
earbohydrates. 

When fat enters the small intestine it mixes and is emulsified by bile.The aetion of panereatie 
lipase eompletes the digestion of fat and it is broken down into monoglyeerides, glyeerol and 
fatty aeids.The monoglyeerides and some of the fatty aeids enter the laeteals of the villi and are 
transported via the lymph to the thoraeie duct and into the circulation, where they eventually 
reaeh the liver. Glyeerol and the remaining fatty aeids are absorbed more direetly into the 
eapillary blood and reaeh the liver via the hepatie portal vein. 

The liver uses some of the fatty aeids and glyeerol to provide energy and heat. In faet hepato- 
eytes and skeletal muscle use triglyeerides as their major energy source. Excessive triglyeerides 
ean also be stored as adipose tissue, and this ean also be used as an energy store when glucose 
is not available to body eells. 

Dietary fats make food seem tender and lead to a feeling of satisfaetion with food. They are 
neeessary for the absorption of fat-soluble vitamins. Adipose tissue proteets, cushions and insu- 
lates vital organs in the body. Phospholipids are required to form the myelin sheath and eell 
membranes. Gholesterol is obtained from egg yolk and dairy produce but is also synthesised in 
the body to form steroid hormones and bile salts. 

Excess fat in the diet ean lead to obesity and cardiovascular disease. A laekof fat in the diet ean 
lead to weight loss, poor growth and skin lesions. 


Proteins 

Dietary sources of protein include meat eggs and milk. Beans and peas (legumes), nuts, eereals 
and leafy green vegetables are also sources of amino aeids. 

Protein digestion begins in the stomaeh and is eompleted in the small intestine. Proteins 
are broken down into amino aeids.They are absorbed via the villi of the small intestine, where 
they reaeh the eapillaries and then the hepatie portal circulation to the liver or general 
circulation. 

Proteins are used by the body for many purposes.They are used to form muscle, eollagen 
and elastin, neeessary for body structure and tissue repair. The hormones insulin and 
growth hormone are required for this. Amino aeids are also used to form hormones and 
enzymes within the body. All of the amino aeids required to form a required protein must 
be available within the eell in order for that protein to be made. This is ealled the all or 
nothing rule. Protein ean also be used as a source of energy for the body. The amino aeid is 
broken down mainly at the liver, where the nitrogenous part of the amino aeid is removed 
and eonverted first to ammonia and then to urea. Urea is excreted as a waste product in 
urine.The remainder of the amino aeid is used to produce energy. Protein eannot be stored 
by the body. Any excess amino aeids are eonverted to earbohydrate or fat to be stored as 
adipose tissue. 

Too much protein in the diet ean lead to obesity. A laek of dietary protein ean lead to muscle/ 
tissue wasting and weight loss. A laek of plasma proteins ean lead to oedema. 



Table 9.2 Vitamins summary 


Vìtamìn 

Source 

Functìon 

Defìeìeney 

Fat soluble 

A, retinol 

Manufactured from 
beta-earotene. Egg 
yolk, eream, fish oil, 
eheese, liver 

Skin, mucosa integrity; bone 
and tooth development during 
growth; photoreeeptor pigment 
synthesis in the retina, normal 
reproduction, antioxidant 

Night blindness, dry skin and hair, 
loss of skin integrity, inereased 
infeetion particularly respiratory, 
gastrointestinal and urinary 

D 

Manufactured bythe 
skin. eheese, eggs, fish 
oil, liver 

Regulates calcium and 
phosphate metabolism 

Riekets in ehildren, osteomalaeia in 
adults 

E 

Egg yolk, wheat germ, 
whole eereals, milk and 
butter 

Antioxidant 

In severe defieieney, ataxia and 
visual disturbances, deereased life 
span of red blood eells 

K 

Synthesised by baeteria 
in the large intestine. 
Liver, fish, fruit and 
leafy green vegetables 

Formation of elotting proteins 
at the liver 

Prolonged elotting times, bruising, 
bleeding 

Water soluble 

thiannine 

Egg yolk, liver, nuts, 
meat, legumes eereal 
germ 

Goenzyme required for 
earbohydrate metabolism 

Beriberi - muscle wasting, stunted 
growth polyneuritis and infeetion. 
Vision disturbances, confusion, 
unsteadiness, memory loss, fatigue, 
taehyeardia, heart enlargement 

B^, riboflavin 

Milk, green vegetables, 
yeast, eheese, fish roe, 
liver 

Goenzyme required for 
earbohydrate and protein 
metabolism 

Skin-eraeking, particularly around 
the eorners of the mouth, blurred 
vision, eorneal ulcers, intestinal 
mucosa lesions 

Folie aeid 

Liver, kidney, yeast, 
fresh leafy vegetables, 
eggs, whole grains 

Goenzyme essential for DNA 
synthesis, red blood eell 
formation 

Anaemia, spina bifida in newborn, 
inereased risk of heart attaek and 
stroke 

Niaein, nieotinie 
aeid 

Liver, eheese, yeast, 
eggs, eereals, nuts, fish 

Goenzyme involved in 
glyeolysis, fat breakdown - 
assists with breakdown and 
inhibits eholesterol production 

Pellagra - skin reddening to light, 
anorexia, nausea and dysphagia, 
delirium and dementia 

Bg, pyridoxine 

Meat, liver, fish, grains, 
bananas, yeast 

Goenzyme involved in amino 
aeid metabolism 

inereased risk of heart disease, eye 
and mouth lesions. In ehildren, 
nervous irritability, convulsions, 
abdominal pain and vomiting 

eyanoeobalamin 

Meat, fish, liver, eggs, 
milk 

Goenzyme in all eells, involved 
in DNA synthesis. Formation 
and maintenanee of myelin 
around nerves 

Pernicious anaemia, peripheral 
neuropathy 

Bg pantothenie 
aeid 

Meat, grains, legumes, 
yeast, egg yolk 

Goenzyme assoeiated with 
amino aeid metabolism and 
formation of steroids 

Non-speeifie symptoms 

Biotin 

Egg yolk, liver, legumes, 
tomatoes 

Goenzyme in earbohydrate 
metabolism 

Pallor, anorexia, nausea, fatigue 

e, aseorbie aeid 

Fruit, particularly citrus 
fruit, vegetables 

Antioxidant, enhanees iron 
absorption and use, maturation 
of red blood eells 

Poor wound healing, joint pain, 
anaemia, scurvy 
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Vitamins 

Vitamins are organie molecules that are required in small amounts for healthy metabolism. 
Essential vitamins eannot be manufactured by the body and must eome from the diet highlight- 
ing agaln the importanee of a balaneed diet. Some vitamlns ean be manufactured. Vitamin K is 
synthesised by intestinal baeteria; the skin makes vitamin D; and vitamin A is made from beta- 
earotene, found for example in earrots. 

Many vitamins aet as eoenzymes (Seeley etal., 2008).These vitamins eombine with enzymes to 
make them functional. For example, the formation of elotting proteins requires the presenee of 
vitamin K. 

During metabolism a reaetion takes plaee involving oxygen. Potentially harmful free radieals 
are formed as part of this proeess. Vitamins A, C and E are antioxidants that disarm free radieals 
and proteet tissue from their potentially dangerous effeets. 

Vitamins are either fat soluble or water soluble. The fat-soluble vitamins eombine with lipids 
from the diet and are absorbed in this way. Apart from vitamin K, the fat-soluble vitamins ean be 
stored in the body; therefore, there ean be problems assoeiated with toxicity when these vita- 
mins accumulate. 

The water-soluble vitamins are absorbed with water along the digestive traet. They eannot be 
stored, and any excess ingested will be excreted in urine. A summary of vitamins and their func- 
tions is given in Table 9.2. 

Minerals 

Small quantities of inorganie compounds ealled minerals are required by the body for many 
purposes. For example, calcium gives structure and strength to tissues, and sodium forms ions 
essential for maintaining osmotie pressure.They also form approximately 5% of the body weight 
(Nair and Peate, 2013). 

There are minerals that are required in moderate amounts, such as calcium and magnesium, 
and many others known where traee amounts are required, such as eobalt and eopper. A sum- 
mary of some of the minerals and their function is given inTable 9.3. 


eiinieal eonsiderations 

Obesity 

Obesity is on the inerease in VVestern soeiety. Obesity occurs when more ealories are taken in than 
are used by the body. Laek of exercise, a sedentary lifestyle and generous diet all contribute to 
weight gain. Obesity has serious health consequences as it predisposes people to indigestion, gall- 
stones, hernias, cardiovascular disease, varieose veins, osteoarthritis and type 2 diabetes mellitus. 


Conclusíon 

Digestion and nutrition play a vital role in the maintenanee of health. The digestive traet pro- 
eesses ingested nutrients by breaking them down ehemieally and meehanieally. Aeeessory 
structures, such as the panereas, liver and gallbladder, have an essential role in providing the 
digestive traet with bile and panereatie juice to faeilitate the digestion of the macronutrients 
protein, earbohydrate and fat. The small intestine provides the large surface area available for 
the absorption of nutrients, and the liver proeesses the products of digestion.The large intestine 
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Table 9.3 Minerals summary 


Mìneral 

Source 

Functíon 

Defìcíency(D)/excess(E) 

Calciunn 

Milk, egg yolk, 
shellfish, eheese, 
green vegetables 

Bones and teeth, eell membrane 
permeability, nerve impulsetransmission, 
muscle eontraetion, heart rhythm, blood 
elotting 

D: osteomalaeia, osteoporosis, 
muscle tetany. In ehildren - riekets 
and retarded grovvth 

E: lethargyand confusion, kidney 
stones 

ehloride 

Table salt 

Works vvith sodium to maintain osmotie 
pressure of extracellular fluid 

D: alkalosis, muscle eramps 

E: vomiting 

Magnesiym 

Nuts, milk, 
legumes, eereal 

Constituent of eoenzymes. Muscle and 
nerve irritability 

D: neuromuscular problems, 
irregular heartbeat 

E: diarrhoea 

Sodium 

Table salt 

Extracellular eation. Works vvith ehloride to 
maintain osmotie pressure of extracellular 
fluid. Muscle eontraetion, nerve impulse 
transmission, eleetrolyte balanee 

D: rare - nausea 

E: hypertension, oedema 

Potassium 

Fruit and 
vegetables and 
many foods 

lntracellular eation. Muscle eontraetion, 
nerve impulse transmission eleetrolyte 
balanee 

D: Rare - muscle vveakness, 
nausea, taehyeardia 

E: eardiae abnormalities, muscular 
vveakness 

Iron 

Liver, kidney, 
beef, green 
vegetables 

Constituent of haemoglobin 

D: anaemia 

E: haemoehromatosis, liver 
damage 

lodine 

Saltvvater fish, 
vegetables 

Constituent of thyroid hormones 

D: hypothyroidism 

E: thyroid hormone synthesis 
depressed 


plays an excretory role, ridding the body of the waste products from digestion and absorbing 
any remaining water baek into the body. 

The maintenanee of homeostasis is aehieved through the ingestion of a balaneed diet eon- 
taining a variety of elements from eaeh ofthefood groups. 

Without all of this aetivity, normal eell functioning would be at risk and this would lead to ill 
health. Digestive health contributes greatly to physieal, psyehologieal and soeial well-being. 






ossary 


Absorptìon Proeess whereby the products of digestion move into the blood or lymph fluid. 
Aeini glands Produce panereatie juice. 

Amylase Garbohydrate-digesting enzyme. 

Anus End of the digestive traet. 
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Bìle Fluid produced by the liver and required for the digestion of fat. 

Bíle duct Tube that earries bile from the liver. 

Body regíon Region of the stomaeh. 

Caecum Beginning of the large intestine. 

Ganìne Type of tooth. 

Garbohydrate One of the major food groups. 

eardìae regíon Region of the stomaeh elosest to the oesophagus. 

eatabolìsm Proeess of breaking down substances into simpler substances. 

ehief eells Pepsinogen-producing eells. 

eholeeystokínín Digestive system hormone. 

ehyme Greamy, semi-fluid mass of partially digested food mixed with gastrie seeretions. 

Deglutítíon Swallowing. 

Dígestíon The ehemieal and meehanieal breakdown of food for absorption. 

Duodenum First part of the small intestine. 

Enamel Govering of the tooth. 

Epíglottís Gartilage that eovers the larynx during swallowing. 

Faeees Brown, semi-solid digestive system waste. 

Fats One of the major food groups. 

Frenulum Fold between the lip and gum. 

Fundus Anatomieal base region of the stomaeh. 

Gluconeogenesís The ereation of glucose from non-earbohydrate molecules. 

Glyeolysís The anaerobie breakdown of glucose to form pyruvic aeid. 

Goblet eell l\/lucus-producing eell. 

Haustrum Sae-like seetion of the large intestine. 

Hepatoeyte Liver eell. 

Hepatìe portal vein Vein that delivers dissolved nutrients to the liver. 

Hepatopanereatíe ampulla The site where the bile duct and panereatie duct meet. 

Hepatopanereatíe sphíneter l\/luscular valve that eontrols the entranee of panereatie juice and 
bile to the duodenum. 

Hyoíd bone Bone that aets as the base of the tongue. 

Hydroehloríe aeíd Aeid produced by the parietal eells of the stomaeh. 

Hydrolysís Addition of water to breakdown food molecules. 

Hypoehondríae regíon Llpper lateral divisions of the abdominopelvie eavity. 

Ileum The end part of the small intestine. 

lleoeaeeal valve Site where the small and large intestine meet. 

Ingestíon The proeess of taking food into the body via the mouth. 
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ineìsors Type of tooth. 

Intestínal erypts Also known as the erypts of Lieberkuhn - glands found in the villi of the small 
intestine. 

intrìnsìefaetor Substance required forthe absorption of vitamin 

Jejunum The middle part of the small intestine between the duodenum and the ileum. 

Kupffer eell Hepatie maerophage. 

Laeteal Lymphatie eapillary of the small intestine. 

Lamìna propría Loose eonneetive tissue layer of the digestive traet. 

Laryngopharynx Where the larynx and pharynx meet. 

Lìpase Fat-digesting enzyme. 

Liver Aeeessory organ loeated in the abdominal eavlty that has many metabolie and regulatory 
functions. 

Líver sínusoíd Liver eapillary. 

Lower oesophageal sphíneter Valve between the oesophagus and stomaeh. 

Lysozyme Baeterieidal enzyme. 

Maeronotríent Food consumed in large quantities. 

Mastíeatíon Chewíng. 

Metabolísm Sum total of the ehemieal reaetions occurring in the body. 

Meíssner's plexus Nerves of the small intestine. 

Mesenterie plexus Digestive traet innervation. 

Micronutrient Nutrient required in small quantities. 

Mierovilli Cytoplasmic extensions of the villi. 

Minerals Salts - inorganie compounds. 

Molars Type of tooth. 

Mucosa Layer of the digestive traet. 

Mucous neekeells l\/lucus-secreting eells of the stomaeh. 

Muscularis mucosa l\/luscular layer of the digestive traet. 

Nutrient Product obtained from the digestion of food and used by the body. 

Oesophagus l\/luscular tube from laryngopharynx to stomaeh. 

Oral eavity The first part ofthe digestive system. 

Oropharynx Part of the pharynx elosest to the oral eavity. 

Palate Roof of the mouth. 

Panereatie duct Duct that links the panereas and eommon bile duct. 

Paneth eell Cell that produces lysozyme. 

Papillae Small mucosal projeetions. 

Parasympathetie fibres Autonomic nervous system nerve fibres. 
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Parìetal eells Hydroehlorie acid-producing eell of the stomaeh. 

Parotíd glands Salivary glands loeated elose to the ears. 

Pepsín Enzyme required for the breakdovvn of protein. 

Pepsínogen Enzyme precursor of pepsin. 

Perìstalsís Wave-like eontraetions that move food through the digestive traet. 

Perìtoneum Serous membrane that lines the abdominal eavity. 

Peyer's patehes Lymphatie tissue of the small intestine. 

Pharyngeal phase Seeond phase of svvallovving. 

Pharynx Tube betvveen the mouth and the oesophagus. 

Plìeae círculars Permanent circular folds in the small intestine. 

Portal fìssure Area vvhere blood vessels and nerves enter and leave the liver. 

Portal triad Gorner of liver lobule. 

Premolars Type of tooth loeated betvveen the eanine and molar teeth. 

Propulsíon The proeess of moving the food along the length of the digestive system. 

Proteíns Substance that eontains earbon, hydrogen, oxygen and nitrogen. 

Pulp eavíty Gentre of the tooth. 

Pylorie eanal Area vvhere the stomaeh opens into the small intestine. 

Pylorie region Area of the stomaeh that occurs vvhere the stomaeh meets the small intestine. 
Pylorie sphineter Valve that eontrols food movement from the stomaeh to the small intestine. 
Rectum Final portion of the large intestine. 

Rugae Folds or ridges found in the digestive traet. 

Salivary amylase Garbohydrate-digesting enzyme found in saliva. 

Seeretin Hormonethat regulates seeretion of panereatie juice. 

Segmentation Movement of ehyme in the small intestine. 

Serosa Outer layer of the digestive traet. 

Sphineter of Oddi Valve that eontrols the movement of bile and panereatie juice into the small 
intestine. 

Splanehnie circulation Blood vessels of the digestive system. 

Stereobilin Waste product of bilirubin breakdovvn. 

Stomaeh Food reservoir vvhere the digestion of protein begins. 

Sublingual glands Salivary gland loeated on the floor of the mouth. 

Submandibular glands Salivary glands loeated belovv the javv bilaterally. 

Submucosa Thiek eonneetive tissue layer of the digestive traet. 

Superior mesenterie artery Vessel that supplies the small intestine vvith arterial blood. 

Superior mesenterie vein Blood vessel that drains venous blood from the small intestine. 

Surface mucous eells Mucus-secreting eells of the stomaeh. 
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Stomaeh Reservoir for food involved in both ehemieal and meehanieal digestion. 

Taenìae eoli Mosele bands in the large intestine. 

llpper oesophageal sphíneter Gontrols the movement of food into the oesophagus from the 
oropharynx. 

Uvula Small pieee of tissue that protrudes from the soft palate. 

Vermíform appendíx Blind-ended tube eonneeted to the caecum and eomposed of lymphatie 
tissue. 

Víllí Tiny, finger-like projeetions found on the surface of the mucosa of the small intestine. 

Víseeral perítoneum The innermost part of the peritoneum that is in eontaet with the abdominal 
organs. 

Vítamíns Essential organie compounds require in small amounts. 

Voluntary phase The first phase of swallowing. 
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Further readíng 

http://www.crohnsandcolitis.org.uk/ 

erohn's & Golitis UK is a eharity for those affeeted by inflammatory bowel disease. 
https://www.nice.org.uk/guidance/cg152 

Linkto elinieal guidelines on Grohn's disease: management in adults, ehildren and young people. 
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http://www.colostomyassociation.org.uk/ 

The Golostomy Assoeiation is a eharity for people with eolostomy. 
http://www.nationalsmilemonth.org/ 

An initiative to improve oral health and hygiene. It is organised by a eharity ealled the British Dental Health 
Foundation. 


Aetìvìties 

Maltiple ehoíee questions 

1. Which of these vitamins is essential for blood elotting? 

(a) vitamin A 

(b) vitamin 
(e) vitamin E 

(d) vitamin K 

2. Which mineral found in broeeoli provides the body with an essential constituent of the 
thyroid hormone thyroxine? 

(a) iron 

(b) iodine 

(e) calcium 

(d) potassium 

3. Which ofthese istrueoffat? 

(a) it is used for the grovvth and repair of body eells 

(b) it is a constituent of myelin sheaths 

(e) it is essential for the transport of the vvater-soluble vitamins 

(d) all of the above 

4. Which layer of the digestive traet is responsible for peristalsis? 

(a) mucosa 

(b) submucosa 

(e) muscularis 

(d) peritoneum 

5. Which of these structures is eonsidered an aeeessory organ? 

(a) salivary gland 

(b) panereas 

(e) liver 

(d) allofthem 

6 . Where does most of the absorption of nutrients occur? 

(a) small intestine 

(b) large intestine 

(e) stomaeh 

(d) oesophagus 

7. Which of these is nof a constituent of gastrie juice? 

(a) hydroehlorie aeid 

(b) mucus 

(e) intrinsiefaetor 
(d) trypsinogen 
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8 . Which enzyme is involved in the breakdovvn of protein? 

(a) ehymotrypsin 

(b) lipase 
(e) amylase 

(d) bile 

9. Where is bile produced? 

(a) the small intestine 

(b) the gallbladder 

(e) the panereas 

(d) the liver 

10. Which part of the large intestine is lymphoid tissue? 

(a) the appendix 

(b) the caecum 

(e) the aseending loop 
(d) the sigmoid eolon 
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True or false 

1. The large intestine is eolonised vvith baeteria. 

2. The first seetion of small intestine is ealled the jejunum. 

3. Panereatie juice reaehes the duodenum through the eystie duct. 

4. The function of bile is to emulsify fats. 

5. There are 20 milk teeth. 

6 . The enzyme that aets on earbohydrate is lipase. 

7. The sense of taste is improved vvhen food is not dry. 

8 . The oesophagus eontains only smooth muscle. 

9. intrinsie faetor is produced by enteroendoerine eells. 

10. The seeretion of gastrie juice is inereased during the intestinal phase. 


Label the diagram 1 

Label the diagram using the follovving list of vvords: 

Parotid gland (salivary gland), Submandibular gland (salivary gland), Oesophagus, Liver, 
Duodenum, Gallbladder, Jejunum, lleum, Aseending eolon, Caecum, Appendix, l\/louth (oral 
eavity), Sublingual gland (salivary gland), Pharynx, Stomaeh, Panereas, Transverse eolon, 
Deseending eolon, Sigmoid eolon, Rectum, Anus 
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Label the diagram 2 

Label the diagram using the follovving list of vvords: 

Pylorus, DuodenumJejunum, lleum, lleoeaeeal value, Stomaeh, Large intestine 
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Crossword 



Aeross: 

1. Another namefor vitamin e (8,4). 

5. A cutting tooth (7). 

9. Function of the large intestine (11). 

10. Enzyme responsiblefor 

earbohydrate breakdovvn (7). 

14. Another nameforfat(5). 

15. Innermost layer of the digestive traet (6). 

17. Essential organie molecule (7). 

18. End of the digestive system (4). 

19. Passagevvay forair and food (7). 


Down: 

1. Protein is broken dovvn into this (5,4). 

2. Food mixed vvith hydroehlorie aeid (5). 

3. Deseribes the movement of the digestive 
traet (11). 

4. Anti-baeterial constituent of saliva (8). 

6 . Another vvord for ehevving (11). 

7. Salivary gland (7). 

8 . Middle portion of the small intestine (7). 

11. Entry to large intestine from the small 
intestine (6). 

12. Enzyme responsible for the digestion of 
protein (6). 

13. Made in the liver and required for the 
digestion of fat (4). 

16. Hormone that stimulates the seeretion of 
hydroehlorie aeid (7). 
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Fill in the blanks 

Thedigestive system isalso known asthe_eanal.The aetion ofenzymeson ingested 

food is known as_digestion.The churning of ingested food by the muscular aetivity 

of the digestive system is known as_digestion. The digestive system is proteeted 

from invading pathogens by the presenee of_in salivary amylase and_ 

_produced by the_eells of the stomaeh. 

Digestion of_begins in the stomaeh._is the name of the enzyme 

involved in the breakdown of earbohydrates. Fat digestion relies on the presenee of_ 

and_. 

meehanieal, lysozyme, alimentary, lipase, hydroehlorie aeid, ehemieal, amylase, parietal, protein, 
bile 

Flnd out more 

1 . What is gingivitis and what adviee would you give to help prevent this eondition? 

2. Oral eandidiasis (oral thrush) affeets many hospital in-patients. Can you suggest why this 
might be and discuss the treatment available? 

3. What is the role of the nurse in earing for a patient with dysphagia? 

4. Discuss the eonditions that may lead to a patient requiring an ileostomy. 

5. Differentiate between eolostomy and ileostomy. 

6 . A 28-year-old woman has had a eolostomy formed. She asks you how the eolostomy would 
be affeeted should she beeome pregnant. How would you advise this patient? 

7. Discuss how the digestive system would respond to starvation. 

8. Investigate the serviees available to patients who have irritable bowel syndrome to help 
them manage everyday life. 

9. A range of medieations is available to minimise or eliminate digestive system eonditions 
assoeiated with the aeid environment of the stomaeh. Researeh these medieations and 
eonsider when they may be used. 

10 . Gonstipation is a very eommon digestive system eondition. What is the role of the nurse in 
relation to prevention of eonstipation? 

Test your learnlng 

1 . Where does bile and panereatie juice enter the duodenum? 

2. Which teeth are used for grinding of food? 

3. What is the exocrine panereatie product essential for? 

4. What are earbohydrates broken down into? 

5. List the enzymes involved in the breakdown of protein. 

eondltlons 

The following is a list of eonditions that are assoeiated with the digestive system.Take some time 
and write notes about eaeh of the eonditions. You may make the notes taken from text books or 
other resources (e.g. people you work with in a elinieal area), or you may make the notes as a 
result of people you have eared for. If you are making notes about people you have eared for you 
must ensure that you adhere to the rules of eonfìdentiality. 
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Peptie ulcer 


Peritonitis 


Llleerative eolitis 


Paralytie ileus 


Obesity 


l\/lalnutrition 
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Myralitharan Nair 



Name the functions of the kidneys. 

List the organs of the renal system. 

Deseribe the eomponents of a nephron. 

List the eomposition of urine. 

What is the colour of urine?Think about the destruction of the red blood eells. 


Learning outcomes 

After reading this ehapter you will be able to: 

Deseribe the structure and functions of the kidney 

Deseribe the mieroseopie structures of the kidney 

Explain glomerular fìltration 

List the ehemieal eompositions of urine 

Discuss the structure and functions of the bladder 


Fundamentals ofAnatomy and Physiology: For Nursing and Heaitheare Students, Seeond Edition. Edited by lan Peate and Moralitharan Nair. 
© 2017 John VViley & Sons, Ltd. Poblished 2017 by John VViley & Sons, Ltd. 

Stodent eompanion vvebsite: vvvvvv.vvileyfundamentalseries.com/anatomy 
lnstructor eompanion vvebsite: vvvvvv.vviley.com/go/instructor/anatomy 
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Kidney 

Dreter 

Drinary 

bladder 

Drethra 


lntroductíon 

The kidneys play an important role in maintaining homeostasis. They remove waste products 
through the production and excretion of urine and regulate fluid balanee in the body. As part 
of their function, the kidneys filter essential substances from the blood, such as sodium 
and potassium, and seleetively reabsorb substances essential to maintain homeostasis. Any 
substances not essential are excreted in the urine. The formation of urine is aehieved through 
the proeesses of filtration, seleetive reabsorption and excretion.The kidneys also have an endo- 
erine function, seereting hormones such as renin and erythropoietin. This ehapter will discuss 
the structure and functions of the renal system. It will also include some eommon disorders and 
their related nursing management and treatment. 

Renal system 

The renal system, also known as the urinary system, eonsists of: 

kidneys, which filter the blood to produce urine; 

• ureters, which eonvey urine to the bladder; 

• urinary bladder, a storage organ for urine until it is eliminated; 

• urethra, which eonveys urine to the exterior. 

See Figure 10.1 for the organs of the renal system. 

The organs of the renal system ensure that a stable internal environment is maintained for the 
survival of eells and tissues in the body - homeostasis. 
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Right kidney 


Right renal artery 


Right ureter 


LJrinary 

bladder 

LJrethra 



Diaphragm 

Oesophagus 

Left adrenal 
(suprarenal) gland 

Left renal vein 
Left kidney 

Abdominal aorta 

Inferior vena eava 
Left ureter 


Rectum 
Left ovary 

LJterus 


Anterior view 


Fìgure 10.1 Organs of the renal system. Soi/ree: Tortora and Derriekson (2009). Reproduced with 
permission of John Wiley & Sons. 


Kìdneys: external structures 

There are two kidneys, one on eaeh side of the spinal column. They are approximately 
11 em long, 5-6 em wide and 3-4 em thiek. They are said to be bean-shaped organs, 
where the outer border is convex; the inner border is known as the hilum (also known as 
hilus), and it is here that the renal arteries, renal veins, nerves and the ureters enter and 
leave the kidneys. The renal artery earries blood to the kidneys; and onee the blood is 
filtered, the renal vein takes the blood away. The right kidney is in eontaet with the liver's 
large right lobe, and henee the right kidney is approximately 2-4 em lower than the left 
kidney. 

Govering and supporting the kidneys are three layers: 

• renal faseia 
adipose tissue 

• renal capsule. 

The renal faseia is the outer layer and eonsists of a thin layer of eonneetive tissue that 
anehors the kidneys to the abdominal wall and the surrounding tissues.The middle layer 
is ealled the adipose tissue and surrounds the capsule. It cushions the kidneys from 
trauma. The inner layer is ealled the renal capsule. It eonsists of a layer of smooth eon- 
neetive tissue that is continuous with the outer layer of the ureter. The renal capsule 
proteets the kidneys from trauma and maintains their shape. See Figure 10.2 for the 
external layers. 
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Renal faseia 


Adipose tissue 


Renal capsule 
Acute artery 


lnterlobular artery 


Arcuate vein 


Interlobar vein 


Nephron 



Renal colunnn 


To urinary bladder 


Cortex 


Medulla 

Papilla 


Major calyx 


Renal artery 


Renal vein 


Renal pelvis 


Hilum 


Dreter 


Minor calyx 


Renal pyramid 


Fìgure 10.2 External layers of the kidney. 


eiiníeal eonsideratíons ~ 

Renal transplant 

The main role of the kidneys is to fìlter vvaste products from the blood and eonvert them to urine. 
If the kidneys lose this ability, vvaste products ean build up, vvhieh is potentially dangerous and ean 
be life threatening.This loss of kidney function, knovvn as end-stage ehronie kidney disease or kidney 
failure, is the most eommon reason for needing a kidney transplant. 

The kidney transplant is a major surgery that could take approximately 3 h. A donor kidney, from 
a living person, could take 3-5 days to aehieve normal function, vvhile a eadaver donor kidney 
could take 7-15 days to function normally. After surgery, immunosuppressant drugs are used to 
suppress the immune system from rejeeting the donor kidney. These medieines must be taken for 
the rest of the reeipienfs life.The most eommon medieation regimen today is a mixture of taeroli- 
mus, myeophenolate and prednisone. 

Kidney transplant reeipients are discouraged from consuming grapefruit pomegranate and 
green tea products. These food products are knovvn to interaet vvith the transplant medieations, 
speeifìeally tacrolimus, eyelosporin and sirolimus; the blood levels of these drugs may be inereased, 
potentially leading to an overdose. A healthy lifestyle after a kidney transplant goes a long vvay to 
minimising the riskof eomplieations. 

See NHS Ghoiees (2015a). 
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Kìdneys: ìnternal structures 

There are three distinet regions inside the kidney: 

• renal cortex 

• renal medulla 

• renal pelvis. 


The renal cortex is the outermost part of the kidney. In adults, it forms a continuous, smooth outer 
portion of the kidney with a number of projeetions (renal column) that extend down between 
the pyramids.The renal column isthe medullary extension ofthe renal cortex.The renal cortex 
is reddish in colour and has a granular appearanee, which is due to the eapillaries and the structures 
ofthe nephron.The medulla is lighter in colourand hasan abundance of blood vesselsand tubules 
ofthe nephrons (see Figure 10.3).The medulla eonsists of approximately 8-12 renal pyramids (see 
Figure 10.3).The renal pyramids, also ealled malpighian pyramids, are eone-shaped seetions of the 
kidneys.The wider portion of the eone faees the renal cortex, while the narrow end points internally, 
and this seetion is ealled the renal papilla. Llrine formed by the nephrons flows into cup-like struc- 
tures, ealled ealyees, via papillary ducts. Eaeh kidney eontains approximately 8-18 minor ealyees 
and two or three major ealyees. The minor ealyees reeeive urine from the renal papilla, which 
eonveys the urine tothe major ealyees.The major ealyees unite toform the renal pelvis, which then 
eonveys urine to the bladder (see Figure 10.4).The renal pelvis forms the expanded upper portion 
ofthe ureter, which isfunnel-shaped and it is the region where two orthree ealyees eonverge. 
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Renal artery 



Segmental arteries 


Renal capsule 


Renal cortex 


Renal pyramid 
in renal medulla 



(a) Frontal seetion of right kidney 


lnterlobular 

artery 
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Renal artery 


Renal vein 


Interlobar vein 


Arcuate vein 


lnterlobular vein 


Interlobar arteries 



Arcuate arteries 
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Afferent arterioles 
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Efferent arterioles 
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Arcuate veins 



Interlobar veins 



Renal vein 



(b) Path of blood flow 


Fìgure 10.3 (a, b) Internal structures showing blood vessels. Soi/ree: Tortora and Derriekson (2009). 

Reproduced with permission of John Wiley & Sons. 
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Renal cortex 
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LJrinary bladder 


Fìgure 10.4 Internal structures. Soi/ree: Tortora and Derriekson (2009). Reproduced with permission 
of John Wiley & Sons. 


Medieines management ~ 

eydosporine 

Gyelosporine lowers the body's immune system. The immune system helps the body fìght infee- 
tions. The immune system ean also fìght orTejeet'a transplanted organ such as a liver or kidney. 
This is because the immune system treats the new organ as an invader. Cyclosporine is used to 
prevent organ rejeetion after a kidney, liver or heart transplant. 

Signs of an allergie reaetion include: hives; difficulty breathing; swelling of the faee, lips, tongue 
or throat. 

Some of the serious side effeets include: 

urinating less than usual or not at all; 

drowsiness, confusion, mood ehanges, inereased thirst; 

swelling, weight gain, feeling short of breath; 

blurred vision, headaehe or pain behind your eyes, sometimes with vomiting; 
seizure (convulsions); 

muscle pain or weakness, fast heart rate, feeling light-headed; 
signs of infeetion, such as fever, ehills, sore throat flu symptoms; 
pale skin, easy bruising or bleeding, unusual weakness; or 

nausea, stomaeh pain, loss of appetite, itehing, dark urine, clay-coloured stools, jaundice 
(yellowing of the skin or eyes). 

Call the doetor at onee if the patient has any signs of kidney failure, such as urinating less than 
usual or not at all, drowsiness, confusion, mood ehanges, inereased thirst loss of appetite, nausea 
and vomiting, swelling, weight gain or feeling short of breath. 

See RxList (2012). 
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Snapshot 

A patient with obstmetive kidney 

Suresh Rama, aged 58 years, lives in a detaehed house with his wife Priya and their two ehildren, 
Mina and Reena. Suresh is a self-employed businessman, and his wife is a sehool teaeher. Their 
ehildren go to the same sehool where Priya teaehes. 

Suresh has had a eonstant dull aehe below his ribs on his right side for a couple of weeks. He kept 
this from his wife and tolerated the pain and diseomfort. One day, Suresh notieed blood in his urine 
and broke the news to his wife and also tells her about the pain. Priya is annoyed that he kept this 
information from her and insisted that he sees his GP to get to the root of the problem. 

Suresh makes an appointment to see his GP. Suresh goes to the surgery aeeompanied by his wife. 
After some medieal history and physieal examination, the GP refers Suresh to the loeal hospital 
under the eare of a urologist. 

Suresh is seen by the consultant urologist in the outpatient department. An ultrasound reveals a 
staghorn calculus of his right kidney. Suresh is admitted the following weekfor a right nephreetomy. 
Suresh made an uneventful reeovery and was diseharged from the hospital under the eare of the 
community team. 

If a kidney stone is not deteeted and treated early, it ean grow into the ealyees of the kidney 
(see Figure 10.5) and permanently damage that kidney, as in Suresh's ease. If deteeted early, the 
kidney could be saved by removing the stone before it damages the kidney. If a kidney stone is too 
big to be passed naturally (6-7 mm in diameter or larger), it could be removed by: 

extracorporeal shoek wave lithotripsy 
ureteroscopy 

percutaneous nephrolithotomy. 



Kidney 


Kidney stone 
growing into 
the ealyees 


Dreter 


Fìgure 10.5 Obstructive kidney. 
See NHS Ghoiees (2014a). 
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Fígure 10.6 Nephron. Soi/ree: Tortora and Derriekson (2009). Reproduced with permission of John 
Wiley &Sons. 


Nephrons 

These are small structures and they form the functional units of the kidney. The nephron 
eonsists of a glomerulus and a renal tubule (see Figure 10.6). There are approximately over 
1 million nephrons per kidney, and it is in these structures where urine is formed. The 
nephrons: 

filter blood; 

perform seleetive reabsorption; 

excrete unwanted waste products from the filtered blood. 

The nephron is part of the homeostatie meehanism of the body. This system helps regulate 
the amount of water, salts, glucose, urea and other minerals in the body.The nephron is a filtra- 
tion system loeated in the kidney and is responsibleforthe reabsorption of water and salts.The 
nephron is divided into several seetions: 

Bowman's capsule 
proximal convoluted tubule 
loop of Henle 

’ distal convoluted tubule (DCT) 

• the eolleeting ducts. 

Eaeh seetion performs a different function; these will be discussed in the following seetions. 
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Fìgure 10.7 Bovvman's capsule. Soi/ree: Tortora and Derriekson (2009). Reproduced vvith permission 
of John Wiley & Sons. 


Bowman's eapsale 

Also knovvn as the glomerular capsule (see Figure 10.7), Bovvman's capsule is a cup-like sae and 
is the first portion of the nephron. Bovvman's capsule is part of the filtration system in the kid- 
neys. When blood reaehes the kidneys for filtration, it enters Bovvman's capsule first, vvith the 
capsule separating the blood into tvvo eomponents: a filtrated blood product and a filtrate that 
is moved through the nephron, another structure in the kidneys. The glomerular capsule eon- 
sists of viseeral and parietal layers (see Figure 10.7). The viseeral layer is lined vvith epithelial 
eells ealled podoeytes, vvhile the parietal layer is lined vvith simple squamous epithelium and it 
is in Bovvman's capsule that the netvvorkof eapillaries ealled the glomerulus (Marieb and Hoehn, 
2013) is found. Filtration of blood takes plaee in this portion of the nephron. 

Proximal eonvolated tubule 

From Bovvman's capsule, thefiltrate drains into the proximal convoluted tubule (see Figure 10.6). 
The surface of the epithelial eells of this segment of the nephron is eovered vvith densely paeked 
mierovilli.The mierovilli inerease the surface area of the eells, thus faeilitating their resorptive 
function. The infolded membranes forming the mierovilli are the site of numerous sodium 
pumps. Resorption of salt, vvater and glucose from the glomerular filtrate occurs in this seetion 
of the tubule; at the same time, eertain substances, including uric aeid and drug metabolites, are 
aetively transferred from the blood eapillaries into the tubule for excretion. 

Loop ofHenle 

The proximal convoluted tubule then bends into a loop ealled the loop of Henle (see Figure 10.6). 
The loop of Henle is the part of the tubule that dips or Joops'from the cortex into the medulla 
(deseending limb), and then returns to the cortex (aseending limb).The loop of Henle is divided 
into the deseending and aseending loops. The aseending loop of Henle is much thieker than 
the deseending portion. The main function of the loop of Henle is to generate a eoneentra- 
tion gradient that ereates a region of a high eoneentration of sodium in the medulla of the 
kidney.The deseending portion of the loop of Henle is highly permeable to vvater and has lovv 
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permeability to ions and urea. The aseending loop of Henle is permeable to ions but not to 
water. When required, urine is eoneentrated in this portion of the nephron.This is possible 
because of the high eoneentration of solute in the substance or interstitium of the medulla. 
This high eoneentration of solutes is maintained by the countercurrent multiplier. Different 
parts of the loop of Henle have different aetions: 

• The deseending loop of Henle is relatively impermeable to solute but permeable to water, so 
that water moves out by osmosis and the fluid in the tubule beeomes hypertonie. 

• The thin seetion of the aseending loop of Henle is virtually impermeable to water, but 
permeableto solute, espeeiallysodium and ehloride ions.Thus, sodium and ehloride ions move 
out down the eoneentration gradient; the fluid within the tubule first beeomes isotonie and 
then hypotonie as more ions leave. Urea, which was absorbed into the medullary interstitium 
from the eolleeting duct diffuses into the aseending limb. This keeps the urea within the 
interstitium of the medulla, where it also has a role in eoneentrating urine. 

The thiek seetion of the aseending loop of Henle and early distal tubule are virtually 
impermeable to water. However, sodium and ehloride ions are aetively transported out of the 
tubule, making the tubular fluid very hypotonie. 

Distal eonvolated tubule 

The thiekaseending portion ofthe loopof Henle leads intothe DCT (see Figure 10.6).The DCTis 
lined with simple cuboidal eells, and the lumen of the DCT is larger than the proximal eonvo- 
luted tubule lumen because the proximal convoluted tubule has a brush border (mierovilli).The 
DCT is an important site: 

it aetively seeretes ions and aeids; 

it playsa part in the regulation of calcium ions by excreting excess calcium ions in response to 
ealeitonin hormone; 
it seleetively reabsorbs water; 

arginine vasopressin reeeptor 2 proteins are also loeated there; 

it plays a role in regulating pH by absorbing biearbonate and seereting protons (H+) into the filtrate. 

The final eoneentration of urine, in this seetion, is dependent on a hormone ealled antidiuretic hor- 
mone (ADH). If ADH is present, the distal tubule and the eolleeting duct beeome permeable to water. 
As the eolleeting duct passes through the medulla with a high solute eoneentration in the interstit- 
ium, the water moves out of the lumen of the duct and eoneentrated urine is formed. In the absenee 
of ADH the tubule is minimally permeable to water, so a large volume of dilute urine is formed. 

eolleeting ducts 

The DCT then drains into the eolleeting ducts (see Figure 10.6). Several eolleeting ducts eon- 
verge and drain into a larger system ealled the papillary ducts, which in turn empty into the minor 
calyx (plural: ealiees). From here the filtrate, now ealled urine, drains into the renal pelvis.This is the 
final stage where sodium and water are reabsorbed. When a person is dehydrated, approximately 
25% of the water filtered is reabsorbed in the eolleeting duct. However, the eells of the eolleeting 
ducts are impermeable to water, but with the aid of the ADH and aquaporins water is reabsorbed 
from the eolleeting ducts. Aquaporins are proteins embedded in the eell membrane that regulate 
the flow of water. Aquaporins seleetively transport water molecules in and out of the eell, while 
preventing the passage of ions and other solutes. Aquaporin 1 is abundant in proximal eonvo- 
luted tubule and the deseending thin limb of the loop of Henle, and aquaporins 2 , 3 and 4 are 
present in the eolleeting ducts; however aquaporin 4 is predominantly found in the brain. 
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eiinieal eonsiderations 

ehronie pyelonephrítís 

ehronie pyelonephritis is eharaeterised by renal inflamnnation and fìbrosis induced by recurrent or 
persistent renal infeetion, vesicoureteral reflux, or other causes of urinary traet obstruction. Ghronie 
pyelonephritis is assoeiated with progressive renal searring, which ean lead to end-stage renal disease. 

In most patients, renal damage occurs slowly over a long period of time in response to a ehronie 
inflammatory proeess or infeetions. This results in thinning of the renal cortex along with deep, 
segmental, eoarse eortieal searring. Club-shaped deformity of the renal ealyees occurs as the 
papilla(e) retraet into the sear(s). One sear or several may be present, in one or both kidneys. 

Some of the investigations earried out include: 

Dipstiek urinalysis may show leucocytes, haematuria or proteinuria and is typieally the test of 
ehoiee for sereening of kidney disease. It may be normal in ehronie kidney disease, so should be 
done in conjunction with serum ereatinine, which refleets the severity of renal impairment. 

Full blood count may show raised leukocytosis or normoeytie, normoehromie anaemia. 
Ultrasound is often reeommended if renal obstruction is suspected but not eonfìrmed by eom- 
puted tomography. A kidney-ureter-bladder X-ray is less useful than computed tomography, 
but is a useful baseline investigation, and may show radiopaque ealeifìeations in the renal traet. 
Urine cultures are done to deteet urinary traet infeetion. Urine cultures are often positive for Proteas 
(60%), or less often for Eseheriehia eoli, Klebsiella, Staphyloeoeeas aureus, or mixed organisms. 

ehronie pyelonephritis results in renal failure. The patient will need dialysis or a kidney trans- 
plant. Remember, recurrent attaeks with acute pyelonephritis ean result in ehronie pyelonephritis. 

See Knott (2013). 


Functíons of the kìdney 

The kidneys maintain fluid balanee, eleetrolyte balanee and the aeid-base balanee of the blood. 

• The kidneys remove wastes and excess water (fluid) eolleeted by, and earried in, the blood as 
it flows through the body. Approximately 190 L of blood enter the kidneys every day via the 
renal arteries. Millions of tiny filters, ealled glomeruli, inside the kidneys separate wastes and 
waterfrom the blood. Most of these unwanted substances eome from what we eat and drink. 
The kidneys automatically remove the right amount of salt and other minerals from the blood 
to leave just the quantities the body needs. 

• By removing justthe right amount of excess fluid, healthy kidneys maintain what is ealled the 
body's fluid balanee. In women, fluid eontent stays at about 55% of total weight. In men, it 
stays at about 60% of total weight. The kidneys maintain these proportions by balaneing the 
amount of fluid that leaves the body against the amount entering the body. When a large 
volume of fluid is drunk, healthy kidneys remove the excess fluid and produce a lot of urine. 
On the other hand, if fluid intake is low, the kidneys retain fluid and the patient does not pass 
much urine. Fluid also leaves the body through sweat breath and faeees. If the weather is hot 
and we lose a lot of fluid by sweating, then the kidneys will not pass much urine. 

• Kidneys synthesise hormones such as renin and angiotensin.These hormones regulate how 
much sodium (salt) and fluid the body keeps, and how well the blood vessels ean expand and 
eontraet.This, in turn, helps eontrol blood pressure. 
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Kidneys produce a hormone known as erythropoietin, which is earried in the blood to the 
bone marrow where it stimulates the production of red blood eells. These eells earry oxygen 
throughout the body. Without enough healthy red blood eells anaemia develops, a eondition 
that causes weakness, eold, tiredness and shortness of breath. 

Healthy kidneys keep bones strong by producing the hormone ealeitriol. Galeitriol maintains 
the right levels of calcium and phosphate in the blood and bones. Calcium and phosphate 
balanee are important to keep bones healthy. When the kidneys fail they may not produce 
enough ealeitriol. This leads to abnormal levels of phosphate, calcium and vitamin D, causing 
renal bone disease. For a summary of the functions of the kidney, seeTable 10.1. 


Table 10.1 Summary of the functions of the kidneys 

Regulation of eleetrolytes - help to regulate ions such as sodiunn, potassiunn, calciunn, ehloride and phosphate ions 

Regulation of blood pH - excrete hydrogen ions into the urine and eonserve biearbonate ions, thus helping to regulate pH 
of blood 

Regulation of blood volome - by eonserving or eliminating water in the urine 

Seeretes renin (regulates blood pressure) and erythropoietin (production of red blood eells) 

Production of ealeitriol forthe regulation of calcium level 
Aids in regulation of blood glucose level by gluconeogenesis 
Detoxification of free radieals and drugs 

Excretion of waste products, such as urea, uric aeid and ereatinine 


Medieines management 

Nephrotoxic drugs 

Renal impairment may be acute or ehronie - both of which ean result in problems with medieations. 
Renal impairment may be the result of a variety of renal or systemie diseases, such as diabetie 
nephropathy or systemie lupus erythematosus. Normal ageing results in a deeline in renal function 
due to loss of nephrons. When preseribing for elderly patients, it should therefore be assumed that 
some degree of renal impairment exists. 

Reasons for problems wlth medieations in renal failure include: 

failure to excrete a drug or its metabolites; 

many side effeets being poorly tolerated by patients in renal failure; 

• some drugs eeasing to be effeetive when renal function is reduced. 

For example, preseribing any drug that inereases potassium level is potentially very dangerous 
- for example, potassium supplements and potassium-sparing diuretics. Other products that 
eontain potassium include ispaghula husk laxatives. Non-steroidal anti-inflammatory drugs 
(NSAIDs), even in short courses, ean cause acute kidney injury as a result of renal under perfusion. 
Angiotensin-eonverting enzyme (ACE) inhibitors ean also cause a deterioration in renal function. 

{Continued) 
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Hovvever, this is a problem only in patients vvith eompromised renal perfusion, particularly those 
vvith renal artery stenosis. Care should be taken vvhen an ACE inhibitor and NSAID are preseribed 
together, as this eombination may preeipitate an acute deterioration in renal function. 

Drugs that may cause interstitial nephritis include penieillins, eephalosporins, sulphonamides, 
thiazide diuretics, furosemide, NSAIDs and rifampiein. 

Therefore, eare should be taken vvhen administering medieations to patients vvith renal problems. 
Alvvays eheek vvith the pharmaeist or consult the British National Formulary for drug interaetions 
before administering medieations. 

See Rull(2013). 


Snapshot 

eystitis 

Miehele Watts is a 26-year-old third-year nursing student. She is married to John, vvho is also a third- 
year nursing student in the same eohort.They live in a flat vvhieh they rent and they travel to the uni- 
versity for their nursing studies.They do not have any ehildren but plan to have a family on eompletion 
of their course. Miehele does not take birth-eontrol pills; instead, she uses a eoil for birth eontrol. 

Miehele vvoke up one morning vvith severe lovver baek pain, frequency, urgency and burning 
sensation on urination. She notieed that her urine vvas slightly cloudy. Miehele tells John that 
she had to get up tvviee at night vvith frequency and it vvas painful to pass urine. John deeided 
to ring the university to inform them of their absenee as he vvas taking his vvife to see their GP. 

At the surgery, the praetiee nurse earried out some vital signs reeordings: temperature 37.5 °C, 
pulse 95 beats per minute, blood pressure 115/58 mmHg and respiration 23 breaths per minute. 
On consultations vvith her GP, Miehele states that she has had these episodes three times in the 
past but has managed vvithout any antibioties. Novv she feels that she has to urinate frequently 
and has difficulty starting her urine and has burning pain and eramping vvhen voiding.The nurse 
does a dip stiek test vvhieh shovvs that she has leucocytes, blood, protein and urea. 

The GP informs Miehele that he vvould like a midstream speeimen of urine (MSU) from her and 
gives her a course of antibioties (Trimethoprim 200 mg BDfor 3 days), informing herthat vvhen the 
results return and if the antibiotie is not suitable then he vvill ehange it. 

Miehele is encouraged to drink a lot of fluid and told to rest for a fevv days. Onee the symptoms 
subside Miehele ean resume her studies. Her MSU results shovva eoliform infeetion and that Miehele 
is on the right antibiotie. 


Blood supply of the kídney 

The role of the kidney is to filter at least 20-25% of blood during the resting eardiae output. 
Approximately 1200 mLof blood flovvs through the kidney eaeh minute. Eaeh kidney reeeives its 
blood supply direetly from the aorta via the renal artery (see Figure 10.4), vvhieh is divided into 
anterior and posterior renal arteries.There are several arteries that deliver blood to the kidneys: 

• renal artery - arises from the abdominal aorta at the level of first lumbar vertebra; 

• segmental artery- braneh ofthe renal artery; 

• interlobar artery - braneh of the segmental artery; 

• arcuate artery - renal columns leading to the corticomedullary junction; 

• interlobular arteries - divisions of the arcuate arteries. 
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Dialysis 

Dialysis is the artifieial proeess of eliminating waste (diffusion) and unwanted water (ultrafiltration) 
from the blood. Some patients, however, may have failed or damaged kidneys that eannot earry 
out the function properly - they may need dialysis. Dialysis may be used for patients who have 
beeome ill and have acute kidney injury (temporary loss of kidney function), or for fairly stable 
patients who have permanently lost kidney function (stage 5 ehronie kidney disease). 

Approximately 1500 L of blood are filtered by a healthy person's kidneys eaeh day. We could not live 
if waste products were not removed from our kidneys. Patients whose kidneys either do not work prop- 
erly or not at all experience a build-up of waste in their blood. Without dialysis the amount of waste 
products in the blood would inerease and eventually reaeh levels that would cause eoma and death. 

Haemodialysis 

Haemodialysis is the type of dialysis that most people are aware of. It involves inserting a needle, 
which is attaehed by a tube to a dialysis maehine, into a blood vessel. Blood is transferred from the 
body intothe maehine, which fìlters out waste products and excessfluids.Thefiltered blood is then 
passed baek into the body. Most people require three sessions a week, eaeh lasting 4 h. 

Peritoneal dialysis 

Peritoneal dialysis is a less well known type of dialysis, but it is beeoming more eommon. It involves 
using the lining of the abdomen (the peritoneum) as a filter. Like the kidneys, the peritoneum eon- 
tains thousands of tiny blood vessels, making it a useful filtering deviee. 

A small flexible tube ealled a eatheter is attaehed to an ineision in the abdomen (see Figure 10.8). 
A speeial fluid ealled dialysis fluid is allowed to drain into the spaee surrounding the peritoneum 
(the peritoneal eavity) via a giving set allowed to sit there for several hours while it absorbs waste 
products, and excess fluid from the blood and into the dialysis fluid then drained out. 



í ^ 
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Figure 10.8 Peritoneal dialysis. 
See NHS Ghoiees (2015b). 
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The branehes of the interlobular artery enterthe nephrons as afferent arterioles. Eaeh nephron 
reeeives one afferent arteriole, which further subdivides into a tuft of eapillaries ealled the glo- 
nnerulus. The glonnerular eapillaries reunite and leave Bownnan's capsule as efferent arterioles. 
Efferent arterioles unite to form peritubular eapillaries and then interlobular veins that unite to 
form the arcuate veins and finally into interlobar veins. Blood leaves the kidneys through the 
renal vein, which then flows into the inferior vena eava.The diameter of the afferent arteriole is 
larger than the diameter of the efferent arteriole. 

llrìneformatìon 

Three proeesses are involved in the formation of urine: 

• filtration 

• seleetive reabsorption 

• seeretion. 

Fíltration 

Llrine formation begins with the proeess of filtration, which goes on continually in the renal 
corpuscles. Filtration takes plaee in the glomerulus which lies in Bowman's capsule. The blood 
for filtration is supplied by the renal artery. In the kidney the renal artery divides into smaller 
arterioles.The arteriole entering Bowman's capsule is ealled the afferent arteriole, which further 
subdivides into a cluster of eapillaries ealled the glomerulus. 

As blood passes through the glomeruli, much of its fluid, eontaining both useful ehemieals 
and dissolved waste materials, soaks out of the blood through the membranes (by osmosis and 
diffusion) where it is filtered and then flows into Bowman's capsule. This proeess is ealled 
glomerular filtration. The water, waste products, salt glucose and other ehemieals that have 
been filtered out of the blood are known eolleetively as glomerular filtrate. 

The fluid from the filtered blood is protein free but eontains eleetrolytes such as sodium 
ehloride, potassium and waste products of cellular metabolism; for example, urea, uric aeid 
and ereatinine (MeGanee etal, 2010). The filtered blood then returns into circulation via the 
efferent arteriole and finally into the renal vein. 

Seleetive reabsorptíon 

Seleetive reabsorption proeesses ensure that any substances in the filtrate that are essential for 
body function are reabsorbed into the plasma. Substances such as sodium, calcium, potassium 
and ehloride are reabsorbed to maintain fluid and eleetrolyte balanee and the pH of blood. 
However, if these substances are in excess to body requirements, they are excreted in the urine. 
Only 1 % of the glomerular filtrate actually leaves the body; 99% is reabsorbed into the bloodstream. 
The reabsorption occurs via three proeesses: 

• osmosis 

• diffusion 

• aetive transport. 

SeeTable 10.2 for a summary. 

Blood glucose is entirely reabsorbed into the blood from the proximal tubules. In faet, it is 
aetively transported out of the tubules and into the peritubular eapillary blood. None of this 
valuable nutrient is wasted by being lost in the urine. Sodium (Na+) and other ions are only 
partially reabsorbed from the renal tubules into the blood. For the most part, however, sodium 
ions are aetively transported baek into blood from the tubular fluid. The amount of sodium 
reabsorbed varies; it depends largely on how much salt we take in from the foods that we eat. 
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Table 10.2 Summary offiltration, reabsorption and excretion in the nephron and eolleeting ducts 


Reabsorptíon 

Excretíon 

Proxìmal eonvolated tubule 

Water, approximately 65% 

Sodium and potassium, 65% 

Glucose, 100% 

Amino aeids, 100% 
ehloride, approximately 50% 

Biearbonate, calcium and magnesium 

Urea 

Hydrogen ions 

Urea 

Greatinine 

Ammonium ions 

Loop ofHenle 

Water 

Sodium and potassium, approximately 30% 
ehloride, approximately 35% 

Biearbonate, approximately 20% 

Calcium and magnesium 

Urea 

Distal eonvolated tubule 

Water, approximately 15% 

Sodium and ehloride, approximately 5% 

Calcium 

Some urea 

Potassium, depending on serum values 

Hydrogen ions, depending on pH of blood 

eolleeting duct 

Biearbonate, depending on serum values 

Urea 

Water, approximately 9% 

Sodium, approximately 4% 

Potassium, depending on serum values 

Hydrogen ions, depending on pH of blood 


Soaree: Adapted fromTortora and Derriekson (2006). 


As a person inereases the amount of salt intake into the body, kidneys deerease the amount 
of sodium reabsorption intothe blood.That is, more sodium is retained in thetubules.Therefore, 
the amount of salt excreted in the urine inereases.The proeess works the other way as well.The 
less the salt intake, the greater the amount of sodium reabsorbed into the blood, and the amount 
of salt excreted in the urine deereases. 

Excretìon 

Any substances not removed through filtration are seereted into the renal tubules from the peri- 
tubular eapillaries (see Figure 1 0.9) of the nephron (Waugh and Grant 2014); these include drugs 
and hydrogen ions.Tubular seeretion mainly takes plaee by aetive transport. Aetive transport is a 
proeess by which substances are moved aeross biologieal membranes. Tubular seeretion occurs 
from epithelial eells lining the renal tubules and the eolleeting ducts. Substances seereted into 
the tubularfluid include: 

potassium ions (K+) 
hydrogen ions (H+) 
ammonium ions (NH 4 +) 
ereatinine 
urea 

some hormones. 
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Peritubular eapillary 



Renal cortex 


Renal nnedulla 



Efferent arteriole 

Afferent arteriole 
lnterlobular artery 

lnterlobular vein 

Arcuate vein 
Arcuate artery 



Fìgure 10.9 Nephron with eapillaries. Source: Tortora and Derriekson (2009). Reproduced with 
permission of John Wiley & Sons. 

It is the tubular seeretion of hydrogen and ammonium ions that helps to maintain the pH of 
blood. SeeTable 10.2 for a summary. 

Hormonal eontrol of tubular reabsorption and seeretíon 

Four hormones play a role in the regulation of fluid and eleetrolytes: 

• angiotensin II 

• aldosterone 

• ADH 

• atrial natriuretic peptide. 
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Angiotensin and aidosterone 

As the blood volume and blood pressure deerease, the juxtaglomerular eells seerete a hormone 
ealled renin. Juxtaglomerular eells are found near the glomerulus, and these eells synthesise, 
store and seerete the hormone renin. Renin aets on a plasma protein ealled angiotensinogen 
and eonverts it into angiotensin I. Angiotensinogen is produced by the hepatoeytes of the liver. 
Angiotensin I is transported by the blood to the lungs. In the lung eapillaries there are enzymes 
ealled ACE. ACE is predominantly found in the lung eapillaries, but this enzyme is also found 
throughout the body. ACE eonverts angiotensin I into angiotensin II. Angiotensin II is a short- 
aeting, powerful vasoeonstrietor, thus inereasing blood pressure. Angiotensin II promotes the 
reabsorption of sodium, ehloride and water in the proximal convoluted tubule. It also has an 
effeet on the release of aldosterone. 

Aldosterone is a steroid hormone seereted by the adrenal glands. It serves as the prineipal 
regulator of the salt and water balanee of the body and thus is eategorised as a mineraloeorti- 
eoid. It also has a small effeet on the metabolism of fats, earbohydrates and proteins. Aldosterone 
is synthesised in the body from eortieosterone, a steroid derived from eholesterol. Production of 
aldosterone (in adult humans, about 20-200 pg per day) in the zona glomerulosa of the adrenal 
cortex is regulated by the renin-angiotensin system. 


Antídíuretíc hormone 

The third prineipal hormone is ADH, which is produced by the hypothalamus gland and isstored 
by the posterior pituitary gland.This hormone inereases the permeability of the eells in the DCT 
and the eolleeting ducts. In the presenee of ADH, more water is reabsorbed from the renal 
tubules; therefore, the patient will pass less urine. In the absenee of ADH, less water is reabsorbed 
and the patient will pass more urine. Thus, ADH plays a major role in the regulation of fluid 
balanee in the body. 

The most important variable regulating ADH seeretion is plasma osmolarity, or the 
eoneentration of solutes in blood. Osmolarity is sensed in the hypothalamus by neurones 
known as an osmoreeeptors, and those neurones, in turn, stimulate seeretion from the 
neurones that produce ADH. When plasma osmolarity is below a eertain threshold, the 
osmoreeeptors are not aetivated and the seeretion of ADH is suppressed. When osmolarity 
inereases above the threshold, the osmoreeeptors reeognise this and stimulate the neurones 
that seerete ADH. 


Atrial natriuretic peptide 

The fourth hormone involved in tubular seeretion and reabsorption is atrial natriuretic 
peptide (ANP) hormone. ANP is a powerful vasodilator and is a protein produced by the 
myoeytes of the atria of the heart in response to inereased blood pressure. ANP stimulates 
the kidneys to excrete sodium and water from the renal tubules, thus deereasing blood volume, 
which in turn lowers blood pressure. The hormone also inhibits the seeretion of aldosterone 
and ADH. 

ANP is involved in the long-term regulation of sodium and water balanee, blood volume and 
arterial pressure.There are two major pathways of natriuretic peptide aetions: vasodilator effeets 
and renal effeets, which lead to natriuresis and diuresis. ANP direetly dilates veins (inereases 
venous eomplianee) and thereby deereases eentral venous pressure, which reduces eardiae 
output by deereasing ventricular preload. ANP also dilates arteries, which deereases systemie 
vascular resistanee and systemie arterial pressure. 
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Medieines managennent 

Drugs for ineontinenee 

There are two main types of urinary ineontinenee: 

1 . Stress ineontinenee -th\s is when urine leaks because there is a sudden extra pressure within the 
abdomen and on the bladder. This pressure (or stress) is caused by things like coughing, 
laughing, sneezing or exercising (such as running or jumping). 

2. Urge ineontinenee - this is when urine leaks before one gets to the toilet when there is an 
urgencyto void urine. 

For people with stress ineontinenee a medieine ealled duloxetine may be preseribed. It is thought 
to work by interfering with eertain ehemieals that are used in transmitting nerve impulses to mus- 
eles. This helps the muscles around the urethra to eontraet more strongly. It is preseribed for a 
month and the patient is reassessed. If the eondition improves, the drug is discontinued.The most 
eommonly reported side effeets are nausea, dry mouth, fatigue and eonstipation. Advise the 
patient never to stop taking this medieine suddenly because they ean get withdrawal symptoms 
such as dizziness, nausea and headaehes. 

Medieines ealled antimuscarinics (also ealled antieholinergies) are used to help treat urge ineon- 
tinenee.There are several different types and many different brand names.They include older med- 
ieines such as oxybutynin, tolterodine and flavoxate, as well as newer medieines such as darifenaein, 
fesoterodine, propiverine, solifenaein and trospium. These medieines work by bloeking eertain 
nerve impulses to the bladder that relax the bladder muscle, so inereasing the bladder eapaeity. 
Antimuscarinics are preseribed for a month or so. If it is helpful, the treatment may continue for up 
to 6 months or so and then stopped to see how symptoms are without the medieation. The most 
eommon side effeet is a dry mouth, and simply having frequent sips of water may counter this. 
Other eommon side effeets include dry eyes, eonstipation and blurred vision. 

See NHS Ghoiees (2014b). 


eomposìtìon of uríne 

Llrine is a sterile and elear fluid of nitrogenous wastes and salts. It is translucent with an amber 
or light yellow colour. Its colour is due to the pigments from the breakdown of haemoglobin. 
Goneentrated urine tends to be darker in colour than normal urine. However, other faetors, such 
as diet medieations and eertain diseases, may affeet the colour of the urine. It is slightly aeidie, 
and the pH may range from 4.5 to S.The pH is affeeted by an individuaFs dietary intake and state 
of health. Diet that is high in animal protein tends to make the urine more aeidie, while a vege- 
tarian diet may make the urine more alkaline. The volume of urine produced depends on the 
circulating volume of blood. ADH regulates the amount of urine passed by the individual. If the 
person is dehydrated, more ADH is released from the posterior pituitary gland, resulting in water 
reabsorption and less urine being produced. On the other hand, if the person has consumed a 
large amount of fluid, which inereases the circulating volume, less ADH is released and more 
water is passed as urine. 

Llrine is 96% water and approximately 4% solutes derived from cellular metabolism.The sol- 
utes include organie and inorganie waste products and unwanted substances such as drugs. 
Normally there is no protein or blood. If these are present then the person may be suffering from 
a disease. SeeTable 10.3 for a summary of solutes. 
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Table 10.3 Solutes in the urine 


lnorganícsolutes 

Organíe solutes 

Sodiym 

Urea 

Potassium 

Greatinine 

Calcium 

Uric aeid 

Magnesium 


Iron 


ehloride 


Sulphate 


Phosphate 


Biearbonate 


Ammonia 



Soaree: Adapted from Mader (2005). 


eharaeterístks of normal uríne 

The volume produced is one of the physieal eharaeteristies of urine. Other physieal eharaeteris- 
ties that ean apply to urine include colour, turbidity (transpareney), smell (odour), pH (aeidity/ 
alkalinity) and density. 

• Colour: Typieally yellow-amber, but varies aeeording to reeent diet, medieation and the 
eoneentration oftheurine. Drinking more watergenerallytendsto reducetheconcentration 
of urine, and therefore causes it to have a lighter colour. However, if a person does not 
drink a large amount of fluid, this may inerease the eoneentration and the urine will have 
a darker colour. See Table 10.4 for foods, medieations and illnesses that may affeet colour 
of the urine. 

SmelhThe smell, or odour, of urine may provide health information. For example, the urine of 
diabeties may have a sweet or fruity odour due to the presenee of ketones (organie molecules 
of a particular structure). Generally, fresh urine has a mild smell, but stale urine or infeeted 
urine has a stronger odour, similar to that of ammonia. 

• Aeìdìty: pH is a measure of the aeidity (or alkalinity) of a solution. The pH of a substance 
(solution) is usually represented as a number in the range 0 (strong aeid) to 14 (strong 
alkali, also known as a'base'). Pure water is'neutral' in the sense that it is neither aeid nor 
alkali; it therefore has a pH of 7. The pH of normal urine is generally in the range 4.5-8, a 
typieal average being around 6.0. l\/luch of the variation is due to diet. For example, high- 
protein diets result in more aeidie urine, but vegetarian diets generally result in more 
alkaline urine. 

Speeìfìe gravìty: Speeifie gravity is also known as Telative density'. This is the ratio of the 
weight of a volume of a substance eompared with the weight of the same volume of 
distilled water. Given that urine is mostly water, but also eontains some other substances 
dissolved in the water, its relative density is expected to be elose to, but slightly greater 
than, 1.000. 
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Table 10.4 Colours of urine 


Food that ehanges colour of uríne 

These are some of the foods that may ehange the colour of urine. 

Dark yellovv or orange: 

earrots 

Green: 

asparagus 

Pink or red: 

beetroot, blaekberries, rhubarb 

Brovvn: 

fava beans, rhubarb 

Medìeìnes and vìtamins that may ehange the eoloar ofarine 

Yellovv or yellovv-green: 

easeara, sulfasalazine, the B vitamins 

Orange: 

rifampiein, sulfasalazine, vitamin B, vitamin C 

Pink or red: 

phenolphthalein, propofol, rifampiein, laxatives eontaining senna 

Green or blue: 

amitriptyline, eimetidine, indomethaein, promethazine, propofol,triamterene, several multivitamins 

Brovvn or brovvnish-blaek: 

levodopa, metronidazole, nitrofurantoin, some antimalarial agents, methyldopa, laxatives 
eontaining easeara or senna 

Medieal eonditions that may ehange the eoloar ofarine 

Yellovv: 

eoneentrated urinecaused by dehydration 

Orange: 

a problem vvith the liver or bile duct 

Pinkor red: 

blood in the urine, haemoglobinuria (a eondition linked to haemolytie anaemia), 
myoglobinuria (a eondition linked to the destruction of muscle eells) 

Deep purple: 

porphyria, a rare inherited red blood eell disorder 

Green or blue: 

urinary traet infeetion may cause green urine if caused by Pseudomonos baeteria; familial 
hyperealeaemia, a rare genetie eondition, ean cause blue urine 

Brovvn or dark brovvn: 

blood in the urine, a liver or kidney disorder 


Source: Mayo Clinic Staff (2015). 



Mary with urínary íneontínenee 

Mary Goldvvater is a 78-year-old retired council vvorker. Her husband passed avvay vvith eaneer of 
the prostate over 5 years ago. Mary has one daughtec vvho visits her every vveek to make sure that 
she is fìne. Mary is adamant that she ean eope and refuses any help from the soeial serviees. Her 
daughter notiees a strong smell of urine in the house vvhenever she visits her mother. When the 
daughter vvants to take her out Mary is reluctant to go out and beeomes very aggressive. 

Goneerned, the daughter asks Mary's GP to do a home visit and see if he ean help her. During her 
GP's visit Mary admits that she has an urine ineontinenee problem. She reports that vvhen she 
coughs or laughs, she vvets herself. 

After a full assessment of Mary, her GP suggests that she should go to a eare home to be looked after. 
After much persuasion by her GP and her daughter, Mary agrees to this. 
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eomnnon 
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Figure 10.10 Gommon iliae vessels and ureter. Source: Nair and Peate (2009). Reproduced with 
permission of John Wiley & Sons. 


llreters 

The ureters are tubular organs that run from the renal pelvis to the posterolateral base of the 
urinary bladder. The ureters are approximately 25-30 em in length and 5 mm in diameter 
(Mader, 2005). The ureters terminate at the bladder and enter obliquely through the muscle 
wall ofthe bladder.They pass overthe pelvie brim at the bifurcation of the eommon iliae arteries 
(see Figure 10.10). 

The ureters have three layers: 

transitional epithelial mucosa (inner layer); 

smooth muscle layer (middle layer); 

fibrous eonneetive tissue (outer layer). 

Llrine is transported through the ureters via muscular movements of the urinary traet's 
peristaltie muscular waves. When the renal pelvis beeomes laden with urine, the peristaltie wave 
aetion encourages urine to leave the body. The amount of urine in the renal pelvis determines 
the frequency of the peristaltie wave aetion, which ean range from one to every few minutes to 
one to every few seeonds.This aetion ereates a pressureforce that moves the urine through the 
ureters and into the bladder in small spurts. 

llrínary bladder 

The urinary bladder is a hollow muscular organ and is loeated in the pelvie eavity posterior 
to the symphysis pubis. In the male the bladder lies anterior to the rectum, and in the female 
it lies anterior to the vagina and inferior to the uterus (Mader, 2005); it is a smooth muscular 
sae that stores urine. Although the shape of the bladder is spherieal, the shape is altered 
from pressure of surrounding organs. When the bladder is empty, the inner seetion of the 
bladderformsfolds, butasthe bladderfills with urinethe wallsofthe bladder beeomesmoother. 
As urine accumulates, the bladder expands without a signifieant rise in the internal pres- 
sure of the bladder. The bladder normally distends and holds approximately 350-750 mL 
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Anterior view of frontal seetion 


Fìgure 10.11 Layers of the urinary bladder. Soi/ree: Tortora and Derriekson (2009). Reproduced with 
permission of John Wiley & Sons. 


of urine. In females the bladder is slightly smaller because the uterus occupies the spaee 
above the bladder. 

The inner lining of the urinary bladder is a mucous membrane of transitional epithelium that 
is continuous with that in the ureters. When the bladder is empty, the mucosa has numerous 
folds ealled rugae. The rugae and transitional epithelium allow the bladder to expand as it fills. 
The seeond layer in the walls is the submucosa, which supports the mucous membrane. It is 
eomposed of eonneetive tissue with elastie fibres. 

The inner floor of the bladder includes a triangular seetion ealled the trigone. The trigone is 
formed by three openings in the floor of the urinary bladder.Two of the openings are from the 
ureters and form the base of the trigone. Small flaps of mucosa eover these openings and aet 
as valves that allow urine to enter the bladder but prevent it from baeking up from the bladder 
into the ureters. The third opening, at the apex of the trigone, is the opening into the urethra 
(see Figure 10.11). A band of the detrusor muscle eneireles this opening to form the internal 
urethral sphineter. 

The walls of the bladder eonsist of muscle fibres: 

• transitional epithelial mucosa; 

• a thiek muscular layer; 

• a fibrous outer layer. 

Urinary traet infeetion and eystitis are more eommon in women than men. If untreated they 
ean result in a more serious renal problem. Urinary traet infeetion ean be prevented by ensuring 
adequate intake of fluid and good personal hygiene. 
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The urinary traet ean beeome bloeked or obstructed (e.g. from a kidney stone, tumour, 
expanding uterus during pregnaney or enlarged prostate gland). The build-up of urine 
ean lead to infeetion and injury of the kidney. With a kidney stone, the bloekage is often 
painful. Other obstructions may produce no symptoms and be deteeted only when a blood 
or urine test is abnormal or when an imaging procedure, such as an X-ray or ultrasound, 
deteets it. 

Llrinary traet infeetions, such as eystitis (an infeetion of the bladder), ean lead to more serious 
infeetions further up the urinary traet. Symptoms include fever, frequent urination, sudden and 
urgent need to urinate, and pain or a burning feeling during urination.There is often pressure or 
pain in the lower abdomen or baek. Sometimes the urine has a strong or foul odour or is bloody. 
Pyelonephritis is an infeetion of kidney tissue; most often, it is the result of eystitis that has 
spread to the kidney. An obstruction in the urinary traet ean make a kidney infeetion more likely. 
infeetions elsewhere in the body, including, for example, streptoeoeeal infeetions, the skin 
infeetion impetigo or a baeterial infeetion in the heart, ean also be earried through the blood- 
stream to the kidney and cause a problem there. 


llrethra 

The urethra is a muscular tube that drains urine from the bladder and eonveys it out of the body. It 
eontains three eoats, and they are muscular, ereetile and mucous; the muscular is the continuation of 
the bladder muscle layer.The urethra is eneompassed by two separate urethral sphineter muscles. 
The internal urethral sphineter muscle is formed by involuntary smooth muscles, while the lower 
voluntary muscles make up the external sphineter muscles.The internal sphineter is ereated by the 
detrusor muscle.The urethra is longer in males than in females. Sphineters keep the urethra elosed 
when urine is not being passed. The internal urethral sphineter is under involuntary eontrol and 
lies atthe bladder-urethrajunction.Theexternal urethral sphineter is under voluntary eontrol. 


Male urethra 

The male urethra passes through four different regions: 

Prostatie region - passes through the prostate gland. 
l\/lembranous portion - passes through the pelvis diaphragm. 

Bulbar urethra - loeated inside the perineum and scrotum, extends from the external distal 
urinary sphineter to the peno-serotal junction, and is surrounded by the corpus spongiosum. 
It eontains the opening of the ducts of the Cowper glands, and differs in length from person 
to person. 

Penile region - extends the length of the penis. 

In the male, the urethra not only excretes fluid wastes but is also part of the reproductive 
system. Rather than the straight tube found in the female body, the male urethra is S-shaped to 
follow the line of the penis. It is approximately 20 em long.The male urethra ean be segregated 
into various portions: the spongy portion, the prostatie portion and the membranous portion. 
The spongy urethra ean be subdivided into fossa navicularis, pendulous urethra and bulbous 
(bulbar) urethra.The proximal portion, which is also the prostatie portion, is only about 2.5 em 
long and passes along the neek of the urinary bladder through the prostate gland. This seetion 
is designed to aeeept the drainage from the tiny ducts within the prostate and is equipped with 
two ejaculatory tubes (see Figure 10.12). 
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Fìgure 10.12 Male urethra. 


Female urethra 

The female urethra is bound to the anterior vaginal wall. The external opening of the urethra is 
anterior to the vagina and posterior to the elitoris. In the female, the urethra is approximately 
4 em long and leads out of the body via the urethral orifiee. In the female, the urethral orifiee is 
loeated in the vestibule in the labia minora.This ean befound loeated in between theelitoris and 
the vaginal orifiee. In the female body the urethra's only function is to transport urine out of the 
body (see Figure 10.13). 

Mícturìtíon 

When the volume of urine in the bladder reaehes about 300 mU streteh reeeptors in the bladder 
walls are stimulated and excite sensory parasympathetie fibres that relay information to the 
saeral area of the spine. This information is integrated in the spine and relayed to two different 
sets of neurones. Parasympathetie motor neurones (in the pons) are excited and aet to eontraet 
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Fìgure 10.13 Loeation offemale urethra. Soi/ree: Nair and Peate (2013). Reproduced with permission 
of John Wiley & Sons. 


the detrusor muscles in the bladder so that bladder pressure inereases and the internal sphineter 
opens. At the same time, somatie motor neurones supplying the external sphineter via the 
pudendal nerve are inhibited, allowing the external sphineter to open and urine to flow out 
assisted by gravity. 

A person has great eontrol of the bladder. They ean inerease or deerease the rate of flow of 
urine, and stop and start at will (unless there are physiologieal problems), thus making micturi- 
tion a simple reflex aetion. 


Conclusìon 

The renal system eonsists of the kidneys, ureters, urinary bladder and the urethra.These systems 
eolleetively play an important role in maintaining homeostasis.They remove the waste products 
of metabolism, seerete hormones, regulate fluid balanee and maintain homeostasis. Some of 
the functions it earries out include: 

regulating blood volume through urine production and blood pressure by releasing renin; 
regulating the eleetrolyte balanee in the body through hormones such as aldosterone; 
maintaining the aeid-base balanee by regulating the seeretion of hydrogen and biearbonate ions; 
excreting waste products (e.g. urea and uric aeid) and eonserving valuable nutrients essential 
for the body. 

Llrine is formed by filtration, seleetive reabsorption and seeretion.The seleetivity of the glo- 
merular filtrate is determined by the size of the opening of the filter and blood pressure. There 
are other faetors that regulate urine production and eleetrolyte balanee; they include hormone 
regulation such as ADH, aldosterone and ANP hormones and neuronal regulation through the 
autonomic nervous system. 
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The urinary bladder is a storage organ for urine and is loeated in the pelvie eavity. It eontains 
three layers: the nnuscular, ereetile and nnucous layers. Llrine is stored in the bladder until the 
person gets the urge to empty their bladder.The proeess of micturition is under the eontrol of 
the sympathetie and parasympathetie system. During micturition, strong muscles in the bladder 
walls (the detrusor muscles) eompress the bladder, pushing its eontents into the urethra, thus 
voiding urine. 



Anterìor Front. 

Bìfurcatìon Dividing into two branehes. 

Galyees Small, funnel-shaped eavities formed from the renal pelvis. 

Díuresìs Excess urine production. 

Erythropoìetìn Hormone produced by the kidneys that regulates red blood eell production. 
Excretìon The elimination of waste products of metabolism. 

Fìltratìon A passive transport system. 

Glomerulus A networkof capillariesfound in Bowman's capsule. 

Hìlum (hílus) An indention near to the eentre of the eoneave area of the kidney, where its vessels, 
nerves and ureter enter/leave. 

Kìdneys Organs situated in the posterior wall of the abdominal eavity. 

Nephron Functional unit of the kidney. 

Posteríor Behind. 

Renal artery Blood vessel that takes blood to the kidney. 

Renal cortex The outermost part of the kidney. 

Renal medulla The middle layer of the kidney. 

Renal pelvìs The funnel-shaped seetion of the kidney. 

Renal pyramìds Cone-shaped structures of the medulla. 

Renal veìn Blood vessel that returns filtered blood into circulation. 

Renín A renal hormone that alters systemie blood pressure. 

Sphìneter A ring-like muscle fibre that ean eonstriet. 

llreter l\/lembranous tube that drains urine from the kidneys to the bladder. 

llrethra l\/luscular tube that drains urine from the bladder. 
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Further readìng 

Natíonal lnstítute for Health and Care Excellence 

http://www.nice.org.uk/guidance/cg73 (aeeessed 26 November 2015) 

This guidance relates to early identifieation and management of ehronie kidney disease in adults in primary 
and seeondary eare. 

http://guidance.nice.org.uk/QS5 (aeeessed 26 November 2015) 

This NICE quality standard defines elinieal best praetiee within this topie area. It provides speeifie, eoneise 
quality statements, measures and audience deseriptors to provide patients and the public, health- and 
soeial-eare professionals, eommissioners and serviee providers with definitions of high-quality eare. 


Ganeer Researeh UK 

http://www.cancerresearchuk.org/cancer-help/type/kidney-cancer/ (aeeessed 26 November 2015) 

A useful website to get information about eaneer.They include symptoms, causes and tests to diagnose 
eaneer. Information about treatments (including surgery) and current researeh ean be found on this 
website. 

Aetívìtìes 

Maltiple ehoíee questions 

1. Theurineflowsthrough: 

(a) the pelvis of the kidney ->■ urethra ^ ureter ->■ bladder 

(b) the bladder ^ pelvis of the kidney ^ ureter ^ urethra 



The renal systenn 




ehapter 10 


(e) the pelvis of the kidney ^ ureter ^ bladder ^ urethra 

(d) the ureter ^ pelvis of the kidney ^ urethra ^ bladder 

2. Which of the follovving structures are found in the renal nnedulla? 

(a) glonnerulus 

(b) Bovvman's capsule 

(e) loopofHenle 

(d) proKÌmal convoluted tubule 

3. The kidneys produce renin vvhen: 

(a) blood pressure is low 

(b) blood pressure is high 

(e) pH of blood is lovv 

(d) pH of blood is high 

4. What is the name of the gland sitting above the kidneys? 

(a) panereas 

(b) liver 

(e) hypothalamus 

(d) adrenal 

5. The urinary bladder is eomposed of: 

(a) transitional epithelium 

(b) skeletal muscles 

(e) eardiae muscle 

(d) simple squamous epithelium 

6 . A patient vvith a urinary traet infeetion vvill probably present vvith: 

(a) elear urine 

(b) leucocytes in the urine 

(e) glycosuria 

(d) ketones 

7. The speeifie gravity of urine is in the range: 

(a) 1.001-1.073 

(b) 1.020-1.025 

(e) 1.000-1.078 

(d) 1.001-1.035 

8 . The light yellow colour of urine results from: 

(a) the pigments from the breakdown of haemoglobin 

(b) breakdovvn of vvhite blood eells 

(e) eating too many earrots 

(d) fats in the urine 

9. Blood glucose is entirely reabsorbed in: 

(a) the glomerulus 

(b) the distal convoluted tubule 

(e) the proximal convoluted tubule 

(d) the eolleeting ducts 

10. Renal calculi may develop as a result of: 

(a) sareoma of the bones 

(b) drinking too much vvater 

(e) eating too many earrots 
(d) eating too much spinaeh 
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True or false 

1. Urea is the end-product of nitrogen metabolism. 

2. The energy for filtration of fluid in the glomeruli is generated by the heart. 

3. Inulin elearanee is used to estimate the renal plasma flow. 

4. Greatinine is an endogenous ehemieal. 

5. Bowman's capsule eonsists of endothelial eells. 

6 . The flow of urine down the ureter is by peristalsis. 

7. Goneentration of urine occurs in the bladder. 

8 . The muscle of the bladder wall is striated muscle. 

9. Erythroeytes are present in the glomerular filtrate. 

1 0. Renal tubular seeretion occurs in the glomeruli. 

Label the díagram 1 

Label the diagram using the following list of words: 

Renal cortex, Renal medulla, Renal column, Renal pyramid in renal medulla, Renal sinus, Renal 
papilla, Fat in renal sinus, Renal capsule, Nephron, Path of urine drainage: Golleeting duct 
Papillary duct in renal pyramid, Minor calyx, Major calyx, Renal pelvis, Ureter, Renal artery, Renal 
vein, Urinary bladder 
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Label the diagram 2 

Label the diagram using the follovving list of vvords: 

Afferent arteriole, Efferent arteriole, Proximal convoluted tubule, Glomerular (Bovvman's) capsule, 
Glomerulus, Distal convoluted tubule, Interstitial fluid in renal cortex, Golleeting duct Interstitial 
fluid in renal medulla, Papillary duct Dilute urine, Loop of Henle 


















ehapter 10 


The renal system 



Crossword 


330 



Aeross: 

5. Hormone that regulates eleetrolyte 
balanee (11). 

6 One of the functions of the kidney (10). 

7. Also earries sperm in man (7). 

11 . Gland that sits on top of eaeh kidney (7). 

12. Hormonethat regulatesfluid balanee (3). 

13. Oneofthe waste productsfound inthe 
urine (4). 

14. Functional unit of the kidney (7). 


Down: 

1 . Seanty urine output (8). 

2. Hormone produced by the juxtaglomerular 
eells (5). 

3. Inflammation of the bladder (8). 

4. An invasive investigation of the bladder (10). 
8 Gonveys urine from the kidney to the 

bladder (6). 

9. Outer proteetive layer of the kidney (7). 

10 Storage organ for urine (7). 
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Renal, Glomeruli, Tubule, Kidney, Bladder, Greatinine, Seeretion, Llrethra, Llreter, Renin, 
Aldosterone, Filtration, lnulin, Proximal, Distal, Nephron, Haematuria, Gystitis, infeetion 

Fìll In the blanks 

The_,_,_and the_form the normal urinary system. 

The kidneys_the_in order to remove the vvastes and_from 

the body and form the_. This travels to the_via the_. The urinary 

bladder_the urine until it is passed out of the body via the urethra. 

VVithin the kidneys are nearly a_small filtering units ealled_. Blood 

flovvs through_and intrieate netvvorks of_vvithin the kidneys to the glo- 

meruli in order to undergo the_. 

The function of the_is, among other things, to get rid of the_that 

result from the body's _. One of the major _ of the metabolism of 

_(muscle) is_.The kidneys remove the vvaste products by extracting them 

from the blood and sending them along the_to the_, from vvhere they 

are_in the_. If the kidney function_, the vvaste products 

_in the_and the body.Theterm forthis build-up is_. 

accumulate, azotaemia, bladder, blood, blood, blood vessels, by-products, excess fluids, 
excreted, fails, fìlter, fìltration proeess, glomerulL kidneys, kidneys, metabolism, million, protein, 
stores, tiny tubes, urea, ureter, ureters, ureters, ureters, urinary bladder, urinary bladder, urine, 
urine, vvaste products 
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Find out more 

1. Deseribe the role of kidney in maintaining homeostasis. 

2. Discuss the renin-angiotensin system. 

3. What do you understand by erythropoietin doping? 

4* Deseribe the functions of aldosterone II. 

5. Explain glomerular filtration rate. 

6 . Explain the role of the kidneys in a person suffering from eongestive eardiae failure. 

7. Explain the effeets of high blood pressure in a patient who is on bed rest. 

8. A person with kidney disease is diagnosed as having proteinuria. The person's limbs are 
swollen. Explain proteinuria and why it causes swollen limbs in this person. 

9. Discuss the role of the autonomic system in micturition. 

10. Explain the term countercurrent at the loop of Henle. 

Gondítions 

Thefollowing is a list of eonditions that are assoeiated with the renal system.Take some time and 
write notes about eaeh of the eonditions. You may make the notes taken from text books or 
other resources (e.g. people you work with in a elinieal area), or you may make the notes as a 
result of people you have eared for. If you are making notes about people you have eared for you 
must ensure that you adhere to the rules of eonfidentiality. 


Nephrotie syndrome 


Glomerulonephritis 


End-stage renal disease 


Polyeystie renal disease 



Hydronephrosis 





Anthony VVheeldon 


Test your prior knovvledge 

List five major structures of the upper and lovver respiratory traet. 

What is the main function of the respiratory system? 

Deseribe the physiologieal proeess of breathing - vvhieh muscles are utilised? 
Hovv is oxygen transported to body tissue? 

What faetors may inerease or deerease a person's rate and depth of breathing? 


Learning outcomes 

After reading this ehapter you vvill be able to: 

List the main anatomieal structures of both the upper and lovver respiratory traet 
Deseribe the events of pulmonary ventilation 

Explain hovv the body is able to eontrol the rate and depth of breathing 
Discuss the prineiples of external respiration 

Deseribe hovv oxygen and earbon dioxide are transported around the body 


Fundamentals ofAnatomy and Physiology: For Nursing and Heaitheare Students, Seeond Edition. Edited by lan Peate and Moralitharan Nair. 
© 2017 John VViley & Sons, Ltd. Poblished 2017 by John VViley & Sons, Ltd. 

Stodent eompanion vvebsite: vvvvvv.vvileyfundamentalseries.com/anatomy 
lnstructor eompanion vvebsite: vvvvvv.vviley.com/go/instructor/anatomy 
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lntroductíon 

Human eells ean only survive if they reeeive a continuous supply of oxygen. As eells use oxygen, 
a waste gas, earbon dioxide, is produced. If allowed to build up, earbon dioxide ean disrupt 
cellular aetivity and disturb homeostasis.The prineipal function of the respiratory system, there- 
fore, is to ensure that the body extracts enough oxygen from the atmosphere and disposes of 
the excess earbon dioxide.The eolleetion of oxygen and removal of earbon dioxide is referred to 
as respiration. Respiration involves the following four distinet proeesses: pulmonary ventilation, 
external respiration, transport of gases and internal respiration. Although all four are examined 
in this ehapter, only pulmonary ventilation and external respiration are the sole responsibility of 
the respiratory system. As oxygen and earbon dioxide are transported around the body in blood, 
effeetive respiration is also reliant upon a fully functioning cardiovascular system. 

Organìsatìon of the respíratory system 

The respiratory system is divided into the upper and lower respiratory traet (see Figure 11.1). 
All structures found below the larynx form part of the lower respiratory traet. The respiratory 
system ean also be said to be divided into conduction and respiratory regions. The upper res- 
piratory traet and the uppermost seetion of lower respiratory traet form the conduction region, 
in which air is conducted through a series of tubes and vessels. The respiratory region is the 
functional part of the lungs, in which oxygen diffuses into blood.The structures within the res- 
piratory region are mieroseopie, very fragile and easily damaged by infeetion. For this reason, 
both the upper and lower respiratory traets are equipped to fight off any invading airborne 
baeterial or viral pathogens. 
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Anterior view showing organs of respiration 

Fìgure 11.1 Major structures of the upper and lower respiratory traet. Soi/ree:Tortora and Derriekson 

(2009). Reproduced with permission of John Wiley & Sons. 

The upper respíratory traet 

Air enters the body via the nasal and oral eavities.The nasal eavity is divided into two equal seetions 
by the nasal septum, a structure formed out of the ethmoid bones and the vomer of the skull.The 
spaee where air enters the nasal eavity just inside the nostrils is referred to as the vestibule. Beyond 
eaeh vestibule the nasal eavities are subdivided into three air passageways, the meatuses, which 
are formed by three shelf-like projeetions ealled the superior, middle and inferior nasal eonehae 
(see Figure 11.2). The region around the superior eonehae and upper septum eontains olfaetory 
reeeptors, which are responsible for our sense of smell. The pharynx eonneets the nasal and oral 
eavity with the larynx. The pharynx is divided into three regions ealled the nasopharynx, the oro- 
pharynx and the laryngopharynx.The nasopharynx sits behind the nasal eavity and eontains two 
openings that lead to the auditory (Eustachian) tubes. The oropharynx and laryngopharynx sit 
underneath the nasopharynx and behind the oral eavity. The oropharynx and oral eavity are 
divided by the fauces (see Figure 11.2). Both the oropharynx and the laryngopharynx are passage- 
waysforfood and drinkas well as air.To proteet them from abrasion by food partieles they are lined 
with non-keratinised stratified squamous epithelium (see Ghapter 4). 

As well as providing the sense of smell, the upper respiratory traet also ensures that the air 
entering the lower respiratory traet is warm, damp and elean. The vestibule is lined with eoarse 
hairs that filter ineoming air, ensuring that large dust partieles do not enter the airways.The eonehae 
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Fìgure 11.2 Structures of the upper respiratory traet. Source: Tortora and Derriekson (2009). 
Reproduced with permission of John Wiley & Sons. 


are lined with a mucous membrane made from pseudostratified eiliated columnar epithelium, 
which eontains a network of eapillaries and a plentiful supply of mucus-secreting goblet eells. 
The blood flowing through the eapillaries warms the passing air, while the mucus moistens it 
and traps any passing dust partieles.The mucus-covered dust partieles are then propelled by the 
eilia towards the pharynx, where they ean be swallowed or expectorated. 

To add further proteetion, the upper respiratory traet is lined with irritant reeeptors, which 
when stimulated by invading partieles (dust or pollen for example) foree a sneeze, ensuring the 
offending material is ejeeted through the nose or mouth.The pharynx also eontains five tonsils. 
The two tonsils visible when the mouth is open are the palatine tonsils; behind the tongue lie 
the lingual tonsils, and the pharyngeal tonsil or adenoid sits on the upper baek wall of the phar- 
ynx. Tonsils are lymph nodules and part of the body's defenee system. The epithelial lining of 
their surface has deepfolds, ealled erypts. Inhaled baeteria or partieles beeome entangled within 
the erypts and are then engulfed and destroyed. 

The lower respíratory traet 

The lower respiratory traet includes the larynx, the traehea, the right and left primary bronehi 
and all the constituents of both lungs (see Figure 11.3). The lungs are two eone-shaped 
organs that almost fill the thorax. They are proteeted by a framework of bones, the thoraeie 
eage, which eonsists of the ribs, sternum (breastbone) and vertebrae (spine). The tip of eaeh 
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Fìgure 11.3 Gross anatomy of the lovver respiratory traet. Source: Tortora and Derriekson (2009) 
Reproduced vvith permission of John Wiley & Sons. 


Iung, the apex, extends just above the elaviele (eollarbone), and their vvider bases sit just 
above a eoneave muscle ealled the diaphragm. The larynx (voiee box) eonneets the traehea 
and the laryngopharynx. The remainder of the lovver respiratory traet divides into branehes 
of airvvays. For this reason, the structure of the lovver respiratory traet is often referred to as 
the bronehial tree. 


Larynx 

The larynx eonsists of nine pieees of eartilage tissue: three single pieees and three pairs (see 
Figure 11.4).The single pieees of eartilage are the thyroid eartilage, the epiglottis and the erieoid 
eartilage. The thyroid eartilage is more eommonly knovvn as the Adam's apple and, together 
vvith the erieoid eartilage, proteets the voeal eords. The erieothyroid ligament, vvhieh eonneets 
the thyroid and erieoid eartilage, is the landmark of an emergeney airvvay or traeheostomy 
(MeGrath, 2014). The epiglottis is a leaf-shaped pieee of elastie eartilage attaehed to the top of 
the larynx. Its function is to proteet the airvvay from food and vvater. On svvallovving, the epiglot- 
tis bloeks entry to the larynx and food and liquids are diverted tovvards the oesophagus, vvhieh 
sits nearby. Inhalation of solid or liquid substances ean bloekthe lovver respiratory traet and cut 
off the body's supply of oxygen - this medieal emergeney is referred to as aspiration and neees- 
sitates the svvift removal of the offending substance. 
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Fìgure 11.4 Anatomy of the larynx. Soi/ree:Tortora and Derriekson (2009). Reproduced with permission 

of John Wiley & Sons. 

Thethree pairsofcartilagearethearytenoid,cuneiformandcorniculatecartilages (see Figurel 1.4). 
The arytenoid eartilages are the most signifieant as they influence the movement of the mucous 
membranes (true voeal folds) that generate the voiee. Speaking, therefore, is reliant upon a fully 
functioning respiratory system. Many obstructive lung disorders, such as asthma, reduce a person's 
ability to speak a full sentenee without drawing a new breath (Higginson and Jones, 2009). 

Traehea 

The traehea (or windpipe) is a tubular vessel that earries air from the larynx down towards the 
lungs. The traehea is also lined with pseudostratified eiliated columnar epithelium so that any 
inhaled debris is trapped and propelled upwards towards the oesophagus and pharynx to be 
swallowed or expectorated. The traehea and the bronehi also eontain irritant reeeptors, which 
stimulate a cough, foreing larger invading partieles upwards.The outermost layer of the traehea 
eontains eonneetive tissue that is reinforeed by a series of 16-20 C-shaped eartilage rings. The 
rings prevent the traehea from eollapsing during an aetive breathing eyele. 

Bronehìal tree 

The lungs are divided into distinet regions ealled lobes. There are three lobes in the right lung 
and two in the left.The heart, along with its major blood vessels, sits in a spaee between the two 
lungs ealled the eardiae noteh. Eaeh lung is surrounded by two thin proteetive membranes 
ealled the parietal and viseeral pleura (see Figure 11.3). The parietal pleura lines the wall of the 
thorax, whereas the viseeral pleura lines the lungs themselves. The spaee between the two 
pleura, the pleural spaee, is minute and eontains a thin film of lubricating fluid.This reduces frie- 
tion between the two pleura, allowing the two layers to slide over one another during breathing. 
The fluid also helps the viseeral and parietal pleura to adhere to eaeh other, in the same way two 
pieees of glass stiek together when wet. 

VVithin the lungs the primary bronehi divide into the seeondary bronehi, eaeh serving a lobe 
(three seeondary bronehi on the right and two on the left). The seeondary bronehi split into 
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Fìgure 11.5 The bronehial tree. Source: Nair and Peate (2009). Reproduced with permission of John 
Wiley &Sons. 
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Fìgure 11.6 Mieroseopie anatomy of a lobule. Source: Tortora and Derriekson (2009). Reproduced 
with permission of John Wiley & Sons. 


tertiary bronehi (see Figures 11.3 and 11.5), of which there are 10 in eaeh lung. Tertiary bronehi 
continue to divide into a network of bronehioles, which eventually lead to a terminal bronehiole. 
The seetion of the lung supplied by a terminal bronehiole is referred to as a lobule, and eaeh lob- 
ule has its own arterial blood supply and lymph vessels. The bronehial tree continues to subdi- 
vide, with the terminal bronehiole leading to a series of respiratory bronehioles, which in turn 
generate several alveolar ducts. The airways terminate with numerous sphere-like structures 
ealled alveoli, which are clustered together to form alveolar saes (see Figure 11.6). Human lungs 
eontain an average of 480 million alveoli (Oehs et al., 2004). The transfer of oxygen from air to 
blood only occurs from the respiratory bronehiole onwards. The airways found between the 
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traehea and the respiratory bronehioles form the conduction region of the lungs. The airvvays 
found beyond the respiratory bronehioles constitute the functional respiratory region of the 
lungs.This region accountsfortvvo-thirds of the lungs'surface area (Tortora and Derriekson, 2009). 


340 


Snapshot 

Spontaneous pneumothorax 

David, a 29-year-old man, had been vvalking his dog in the vvoods near his home. After throvving a 
stiek for his dog to ehase David experienced acute pain on the left-hand side of his ehest. The pain 
vvas unbearable and David found it difficult to breathe. A passer-by ealled an ambulance and David 
vvas taken to the aeeident and emergeney department vvhere he vvas assessed by a nurse. The 
nurse notieed that David's breathing vvas asymmetrieal, vvith only the right-hand side of his ehest 
rising and falling. The nurse also noted he had eentral eyanosis, laboured respiratory effort and a 
lovv oxygen saturation reading. An X-ray shovved a pneumothorax of greater than 2 em in vvidth. 
The medieal team proeeeded to insert a ehest drain. 

David had experienced a spontaneous pneumothorax. Pneumothorax, or eollapsed lung, occurs 
vvhen air leaks into the pleural spaee and the viseeral and parietal pleura separate, causing the 
lung to eollapse. Pneumothoraces are normally caused by trauma or respiratory disease but ean 
occur spontaneously in people vvho have sub-pleural blebs or bullae in the apiees of the lung. 
Spontaneous pneumothoraces are also more likely in an individual vvho smokes tobaeeo. 

See l\/lacDuff ef a/. (2010). 


Medieines management 

Nebulised salbutamol 

Salbutamol is a agonist bronehodilator therapy used to reverse airvvay eonstrietion caused by 
obstructive airvvays diseases, such as asthma. Asthma is a ehronie inflammatory airvvay disease in 
vvhieh individuals are said to have hypersensitive or hyper-responsive airvvays. People living vvith 
asthma experience periods of reversible inflammation and eonstrietion in the bronehi and bronehi- 
oles, vvhieh causes breathlessness and a eharaeteristie vvheeze. When encountering a trigger 
(e.g. allergy, infeetion or stress), mast eells on the vvalls of the bronehi and bronehioles release a 
number of eytokines (ehemieal messengers) that cause inereased mucus production and inereased 
eapillary permeability. Very soon the airvvays beeome full of mucus and fluid leaking from blood 
vessels and airflovv beeomes obstructed. agonists such as salbutamol stimulate p^ reeeptor eells 
on the vvalls of the bronehi and bronehioles, causing bronehodilation. 

A nebuliser forees a jet stream of air or oxygen through a liquid preparation of salbutamol, pro- 
ducing a salbutamol mist that the patient inhales via a speeial maskor pipe. While salbutamol is an 
effeetive pharmaeologieal treatment the nurse must be avvare of the follovving side effeets: 

taehyeardia and other arrhythmias 
hand shaking and tremors 
headaehe 
nervous tension. 

Salbutamol ean also be given as an inhaler, tablet or subcutaneous or intravenous infusion. 
Other p^ agonists include terbutaline, fenoterol and salmeterol. 

See BritishThoraeie Soeiety and Seottish intereollegiate Guidelines Netvvork (2014). 
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Medieines management 

eortieosteroid therapy 

Gortieosteroids are potent anti-inflammatory agents that are often used to reduce bronehial 
hyperaetivity in people living with ehronie inflammatory airway diseases, such as asthma and 
ehronie obstructive pulmonary disease. Gortieosteroids reduce airway Inflammation and therefore 
are very effeetive in the treatment of airway obstruction. Gortieosteroids are a first-line treatment 
for moderate, severe and life-threatening asthma. Gommon eortieosteroids include 

prednisolone 

hydroeortisone. 

Patients taking the above eortieosteroids will need careful monitoring as they may cause the 
following side effeets: 

osteoporosis 
diabetes 
mood swings 
weight gain 
inereased body hair. 

Inhaled eortieosteroids are used very effeetively for the prophylaxis of asthma. Preparations such 
as beelamethasone, budesonide and fluticasone are often preseribed for patients living with 
asthma to be used on a daily basis to minimise the potential for exacerbation. 

See BritishThoraeie Soeiety and Seottish intereollegiate Guidelines Network (2014). 


Blood supply 

The conduction and respiratory regions of the lungs reeeive blood from different arteries. 
Deoxygenated blood is delivered to the lobules via eapillaries that originate from the right and left 
pulmonary arteries.Onee reoxygenated, blood issent baektothe left-hand sideofthe heartvia one 
of four pulmonary veins, ready to be ejeeted into systemie circulation (see Figure 11.7).The conduc- 
tion region of the lungs reeeives oxygenated blood from eapillaries that stem from the bronehial 
arteries, which originate from the aorta. Some of the bronehial arteries are eonneeted to the pulmo- 
nary arteries, but the majority of blood returns to the heart via the pulmonary or bronehial veins. 

Respíratíon 

The proeess by which oxygen and earbon dioxide are exchanged between the atmosphere and 
body eells is ealled respiration. Respiration follows the following four distinet phases: 

pulmonary ventìlatìon - how air gets in and out of the lungs; 

• external respìratìon - how oxygen diffuses from the lungs to the bloodstream and how 
earbon dioxide diffuses from blood and to the lungs; 

• transport of gases - how oxygen and earbon dioxide are transported between the lungs and 
body tissues; 

• ìnternal respìratìon - how oxygen is delivered to and earbon dioxide eolleeted from body eells. 

The understanding of all four proeesses is reliant upon the appreeiation of a series of gas laws, 
which are summarised in Table 11.1. 
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Fìgure 11.7 The flow of blood between the lungs, the heart and the body. 


Table 11.1 Summary of important gas laws 


Gas 

law 

Summary 

eiìnìeal applìeatíon 

Boyle's 

law 

At a fixed temperature the pressure exerted by 
gas is inversely proportional to its volume 

As the thorax expands, intrapulmonary pressure falls 
below atmospherie pressure 

Dalton's 

law 

In a mixture of gases eaeh gas will exert its own 
individual pressure, as if no other gases are 
present 

Differenees in partial pressure govern the movement of 
oxygen and earbon dioxide between the atmosphere, the 
lungs and blood 

Henry's 

law 

The quantity of gas that will dissolve in a liquid 
is proportional to its pressure and its solubility 

Oxygen and earbon dioxide are soluble in water and are 
transported in blood. Nitrogen is highly insoluble and, 
despite accounting for 79% of the atmosphere, very little 
is dissolved in blood 

Fiek's 

law 

The rate a gas will diffuse aeross a permeable 
membrane will depend upon pressure 
differenee, surface area, diffusion distanee 
and molecular weight and solubility 

Helps explain how altitude, exercise and respiratory 
disease ean influence the amount of oxygen that is 
diffused into blood 


Source: Adapted from Davies and Moores (2003). 
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Pulmonary ventìlatìon 

The meehanìes of breathìng 

Pulmonary ventilation deseribes the proeess more eommonly known as breathing. In order for 
air to pass in and out of our lungs a ehange in pressure needs to occur. Before inspiration the 
intrapulmonary pressure, the pressure within the lungs, is the same as atmospherie pressure. 
During inspiration the thorax expands and the intrapulmonary pressure falls below atmos- 
pherie pressure. Because intrapulmonary pressure is now less than atmospherie pressure the air 
will naturally enter our lungs until the pressure differenee no longer exists.This phenomenon is 
explained by Boyle's law and Dalton's law. Gases exert pressure, and Boyle's law states that at a 
fixed temperature the amount of pressure exerted by a given mass of gas is inversely propor- 
tional to the size of its eontainer. Larger volumes provide greater spaee for the circulation of gas 
molecules, and therefore less pressure is exerted. In smaller volumes the gas molecules are 
more likely to eollide with the walls of the eontainer and exert a greater pressure as a result (see 
Figure 11.8). Dalton's law explains that in a mixture of gases eaeh gas exerts its own individual 
pressure proportional to its size. For example, atmospherie air eontains a mixture of gases. Eaeh 
individual gas will exert its own pressure dependent upon its quantity. Nitrogen, for example, 
will exert the greatest pressure as it is the most abundant gas. Golleetively, all the gases in the 
atmosphere exert a pressure, atmospherie pressure, which is 101.3 kPa (kilopaseals) at sea level 
(see Table 11.2). On inhalation the thorax expands, intrapulmonary pressure falls below 
101.3 kPa and, because air flows from areas of high pressure to low pressure, air enters the lungs 
(Hiekin etal., 2013). 

A range of respiratory muscles are used to aehieve thoraeie expansion during inspiration (see 
Figure 11.9). The major muscles of inspiration are the diaphragm and external intereostal mus- 
eles. The diaphragm is a dome-shaped skeletal muscle found beneath the lungs at the base of 
the thorax. There are 11 external intereostal muscles, which sit in the intereostal spaees - the 
spaees between the ribs. During inspiration the diaphragm eontraets downwards, pulling the 
lungs with it. Simultaneously, the external intereostal muscles pull the rib eage outwards and 
upwards.The thorax is now biggerthan before, and intrapulmonary pressure is reduced below 
atmospherie pressure as a result. The most important muscle of inspiration is the diaphragm; 
75% of the air that enters the lungs is as a result of diaphragmatie eontraetion. Expiration is a 
more passive proeess. The external intereostal muscles and the diaphragm relax, allowing the 
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Fìgure 11.8 Boyle's law: the volume of a gas varies inversely with its pressure. 
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Table 11.2 The proportion of gases that constitute the atmosphere (partial pressures are 
expressed as 


Gas 

Volume (%) 

Pressure (kPa) 

Nitrogen {P^) 

78.084 

79.055 

Oxygen (P^^) 

20.946 

21.218 

Garbon dioxide {PqqJ 

0.035 

0.0355 

Argon (PJ 

0.934 

0.946 

Other gases"" 

0.001 

0.001 

Total atmospherie pressure (P^) 

100 

101.3 
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Soarees: Adapted from Brimbleeombe (1986), Lutgens and Tarbuck (2001) and Lumb (2005). 
® Neon, helium, methane, krypton, nitrous oxide, hydrogen, ozone, xenon. 
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Fìgure 11.9 The muscles involved in pulmonaryventilation. Soi/ree: Nair and Peate (2009). Reproduced 
with permission of John Wiley & Sons. 


natural elastie reeoil of the lung tissue to spring baek into shape, foreing air baek into the atmos- 
phere (see Figure 11.10). 

Other respiratory muscles ean also be utilised. The abdominal wall muscles and internal inter- 
eostal muscles, for instanee, are utilised to foree air out beyond a normal breath, for example, when 
playing a musical instrument or blowing out eandles on a birthday eake. The sternoeleidomas- 
toids, the sealenes and the peetoralis ean also be used to produce a deep forceful inspiration.These 
muscles are referred to as aeeessory muscles, so ealled because they are rarely used in normal, 
quiet breathing (Simpson, 2006). 
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Fìgure 11.10 Movements of inspiration and expiration. Source: Nair and Peate (2009). Reproduced 
with permission of John Wiley & Sons. 


Work of breathìng 

During inspiration respiratory muscles must overeome various faetors that hinder thoraeie 
expansion.The natural elastie reeoil of lung tissue, the resistanee to airflow through narrow air- 
ways and the surface tension forees at the liquid-air interfaee in the lobule all oppose thoraeie 
expansion. The energy required by the respiratory muscles to overeome these hindering forees 
is referred to as workof breathing.The amount of energy expended is kept to a minimum by the 
ease with which lungs ean be stretehed.This ease of streteh is ealled lung eomplianee. Because 
of lung eomplianee, an inhalation of around 500 mL of air is aehievable without any notieeable 
effort. Blowing a similar amount of air into a balloon would take a much greater effort. Lung 
eomplianee is aided by the production of a detergent-like substance ealled surfactant. Whenever 
a liquid and gas eome into elose eontaet with one another surface tension is generated. 
Surfactant reduces the surface tension that occurs where the alveoli meet pulmonary eapillary 
blood flow in the lobule, thereby reducing the amount of energy required to inflate the alveoli. 
Surfactant is manufactured by type II alveolar eells, found in the alveoli. 

Work of breathing is also required to overeome airway resistanee. As air flows through the 
bronehial tree, resistanee to airflow occurs as the gas molecules begin to eollide with one 
another in the inereasingly narrow airways. Despite these opposing forees, work of breathing 
accounts for less than 5% of total body energy expenditure. However, many lung diseases 
ean affeet lung eomplianee and airway resistanee and, therefore, inerease work of breathing. 
In asthma, for example, airway inflammation reduces the diameter of the airways and inereases 
airway resistanee. If the diameter of an airway is halved, resistanee inereases 16-fold. Lung 
diseases that damage lung tissue ean also affeet lung eomplianee. Any inerease in airway 
resistanee and lung eomplianee will inevitably inerease work of breathing. In acute respiratory 
disease, work of breathing could account for up to 30% of total body energy expenditure 
(Levitzky et al., 1990). 
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Volumes and eapaeìtìes 

Lung volumes and eapaeities measure or estimate the amount of air passing in and out of the 
lungs. Eaeh individual has a total lung eapaeity (TLC), which is the total amount of airtheir lungs 
are eapable of housing. Eaeh individuaLs TLC will be dependent upon their age, sex and height. 
TLC ean be subdivided into a range of potential or actual volumes of air. For example, the amount 
of air that passes in and out of the lungs during one breath is ealled the tidal volume After a 
normal, quiet breath the lungs will still have room for a deeper inspiration that could fill the 
lungs. This potential eapaeity for inspiration is referred to as inspiratory reserve volume (IRV). 
Likewise, after a normal, quiet breath, there remains the potential for a larger exhalation. This 
potential eapaeity of exhalation is referred to as expiratory reserve volume (ERV). If tidal volume 
inereases, due to exercise for example, IRVand ERV would be reduced.Tidal volume, IRVand ERV 
ean all be measured. However, because a small volume of air always remains in the lungs - even 
after maximal exhalation - TLC ean only be estimated. This small volume of remaining air is 
ealled residual volume (RV). Because RV eannot be exhaled, the total amount of air that could 
possibly pass in and out of an individuaLs lungs is a eombination of tidal volume, IRV and ERV, 
which eolleetively is referred to as vital eapaeity (see Figure 11.11). 

Other important measures of lung volume include minute volume V^, alveolar minute ventila- 
tion and anatomieal dead spaee V^ (see Table 11.3). l\/linute volume V^ is the amount of air 
breathed in eaeh minute and is calculated by multiplying tidal volume V^ by respiration rate. In 
health, minute volume is around 6-8 mL per minute. However, only the airthattravels beyond the 
terminal bronehioles will actually take part in gaseous exchange. For this reason the air present in 
the rest of the lungs is referred to as anatomieal dead spaee V^. Therefore, in order to aseertain 
exactly how much air is available for gaseous exchange, anatomieal dead spaee must be accounted 
for. Alveolar minute ventilation V^ is calculated by subtracting anatomieal dead spaeefrom minute 
volume, which in health would be approximately 4-6 mL per minute (Hiekin etal., 2013). 
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Fìgure 11.11 Diagrammatie deseription of the major lung volumes and eapaeities. Soi/ree: Tortora 
and Derriekson (2009). Reproduced with permission of John Wiley & Sons. 
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Table 11.3 Important lung volumes 


Volume 

Calculatìon 

Minute volunne 

Tidal volunne (7^) x Respiration rate 
e.g. 500 (T^) x 12 = 6000 mL (i/^ 

Alveolar nninute ventilation 

[Tidal volume (T^) - Anatomieal dead spaee (V^)] x Respiration rate 
e.g. [500 (T^) - 150 [V^]] x 12 = 4000 mL (V^) 


Source: Martini and Nath (2009). Reproduced with permission of Pearson Education Limited. 


eiinieal eonsiderations 

Spírometry and peakflovv 

Spírometry measures the foree and volume of a maximum expiration after a full inspiration.The air 
the patient forees out is referred to as foreed vital eapaeity (FVC). The volume the patient expired 
after 1 seeond is ealled foreed expiratory volume in the fìrst seeond (FEV^). By eomparing FEV^ with 
FVe, the FEV^:FVC ratio, the severity of airway obstruction ean be aseertained. An FEV^:FVC ratio of 
less than 80% is indieative of obstructive airways disease (Sheldon, 2005). 

Peakexpìratory f1ow rate (PEFR), or'peakflow' measures the extent of airway resistanee. PEFR 
is the foree of expiration in litres per minute. It measures the patienfs maximum expiratory flow 
rate via their mouth. An inability to meet a predieted value based on age, sex and height could 
indieate inereased airway resistanee, as occurs during an asthma attaek. PEFR provides a quick and 
simple assessment of the airways; however, regular peak flow measurements are more revealing 
than single arbitrary readings, and nurses should be mindful that PEFR is effort dependent (Talley 
and 0'Connor, 2001). 


eontrol of breathíng 

The rate and depth of breathing are eontrolled by the respiratory eentres, which are found in 
the brainstem, within the areas ealled the medulla oblongata and pons (see Figure 11.12). The 
rate of breathing is set by the inspiratory eentre of the medulla oblongata.The expiratory een- 
tre is thought to play a role in foreed expiration. Also within the medulla oblongata there are 
speeialised ehemoreeeptors that continually analyse earbon dioxide levels within eerebrospi- 
nal fluid. As levels of earbon dioxide rise, messages are sent via the phrenie and intereostal 
nerves to the diaphragm and intereostal muscles instructing them to eontraet. Another set of 
ehemoreeeptors found in the aorta and earotid arteries analyse levels of oxygen as well as ear- 
bon dioxide. lfoxygenfallsorcarbon dioxide rises, messagesare senttothe respiratory eentres 
via the glossopharyngeal and vagus nerves, stimulating further eontraetion. Breathing is 
refined by theaetions ofthe pneumotaxicand apneusticcentres ofthe pons (see Figure 11.12). 
The pneumotaxic eentre sends inhibitory signals to the medulla to slow breathing down, while 
the apneustic eentre stimulates the inspiratory eentres, lengthening inspiration. Both these 
aetions fine-tune breathing and prevent the lungs from beeoming overinflated. Throughout 
the day, whether at work, rest or play, respiration rate will ehange in order to meet the body's 
oxygen needs. 
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Fìgure 11.12 The respiratory eentres of the brainstem. Source: Tortora and Derriekson (2009). 
Reproduced with permission of John Wiley & Sons. 

eiinieal eonsiderations 

Respiratory rate 

In health, an adulfs respiratory rate is normally between 12 and 16 respirations per minute. 
Although breathing is essentially a subconscious aetivity, the rate and depth of breathing ean be 
eontrolled voluntarily or even stopped altogether, when swimming underwater for example. 
However, this voluntary eontrol is limited, as the respiratory eentres have a strong urge to keep 
breathing. Breathing ean also be influenced by state of mind.The inspiratory area ofthe respiratory 
eentres ean be stimulated by both the limbie system and hypothalamus, two areas of the brain 
responsible for proeessing emotion. Fear, anxiety or even the antieipation of stressful aetivities ean 
cause an involuntary inerease in the rate and depth of breathing. Other faetors that ean influence 
breathing include pyrexia and pain. Because breathing is largely beyond an indlviduaFs eontrol, 
any ehanges in respiration rate are elinieally signifieant (Hogan, 2006). 


External respìratìon 

Gaseous exchange 

External respiration only occurs beyond the respiratory bronehioles. External respiration is the 
diffusion of oxygen from the alveoli into pulmonary circulation (blood flow through the lungs) 
and the diffusion of earbon dioxide in the opposite direetion. Diffusion occurs because gas mol- 
ecules always move from areas of high eoneentration to low eoneentration. Eaeh lobule of the 
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Fìgure 11.13 External respiration: exchange of oxygen and earbon dioxide vvithin the lungs. 


Iung has its ovvn arterial blood supply; this blood supply originates from the pulmonary artery, 
vvhieh stemsfrom the right ventriele of the heart.The blood present in the pulmonary artery has 
been eolleeted from systemie circulation and is therefore lovv in oxygen and relatively high in 
earbon dioxide. The amount (and therefore pressure) of oxygen in the alveoli is far greater than 
in the passing arterial blood supply. Oxygen, therefore, moves passively out of the alveoli and 
into pulmonary circulation and on tovvards the left-hand side of the heart. Because there is less 
earbon dioxide in the alveoli than in pulmonary circulation, earbon dioxide transfers into the 
alveoli ready to be exhaled (see Figure 11.13). 

Faetors ìnfluencíng díffusíon 

It takes approximately 0.25 s for an oxygen molecule to diffuse from the alveoli into pulmonary 
circulation. Hovvever, there are various influencing faetors that determine the rate by vvhieh 
oxygen and earbon dioxide diffuse betvveen alveoli and pulmonary circulation. This is best 
explained by the use of Fiek's lavv of diffusion, vvhieh uses an equation to determine the rate of 
diffusion (see Box 11.1). Aeeording to Fiek's lavv, the rate of diffusion is determined by gas 
solubility/molecular vveight, surface area, eoneentration differenee and membrane thiekness. 
The more soluble a gas is in vvater the easier it is for diffusion to occur. Oxygen and earbon diox- 
ide are both soluble in vvater and therefore easily diffused; indeed, earbon dioxide is 20 times 
more soluble than oxygen. The most abundant gas in the atmosphere is nitrogen; hovvever, 
nitrogen is highly insoluble in vvater and therefore very little diffuses into the bloodstream.The 
larger the surface area available for diffusion the greater the rate of diffusion vvill be. Large 
inhalations vvill recruit more alveoli, and a greater rate of diffusion occurs as a result.The greater 
the gas eoneentration differenee betvveen the alveoli and pulmonary circulation the faster that 
gas vvill diffuse. Because blood travelling tovvards the alveoli is deoxygenated there alvvays 
remains a large differenee in eoneentration of oxygen betvveen the alveoli and pulmonary 
circulation. Hovvever, the rate of diffusion ean be enhaneed if this eoneentration differenee is 
inereased, by administering preseribed oxygen therapy for example.Thefinal faetorfor eonsid- 
eration is membrane thiekness. The further the distanee gases have to travel the slovver the 
diffusion vvill be. Gonditions such as pulmonary oedema, in vvhieh fluid eolleets in the alveoli, 
result in an inereased membrane thiekness. The distanee betvveen alveoli and pulmonary 
circulation slovvs the rate of diffusion. 
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Box 11.1 Fiek's law of diffusion 



where 

J is the rate of diffusion 

5isthesolubility 

wt , is the nnolecular weiqht 

nnol ^ 

A isthesurfacearea 

AC is the eoneentration differenee 

t is the mennbrane thiekness. 

Source: Hiekin etal. (2013). 
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eiinieal eonsiderations 

Sputuni 

Often, the nurse has the responsibility to examine and observe the sputum (sometimes this is 
ealled phlegm, seeretions or expectorate) that a person may produce. At times the nurse is required 
to obtain a speeimen of the person's sputum for mierobiologieal analysis. The nurse must be able 
to earry out these important tasks safely and effeetively. The skills required to do this include the 
ability to determine what is sputum and what are oral seeretions (spit), the applieation of infeetion 
eontrol aetivities and the ability to document fìndings accurately and report any eoneerns. 

The production of sputum is an important part of a person's immune system. You may be 
required to ask the person you are earing for about their sputum production. The following ques- 
tions ean help generate important information: 

Is there anything that causes (provokes) you to produce sputum? 

When do you produce it? 

How often do you produce it? 

Can you deseribe it - what does it look like? 

Does your sputum have any particular smell? 

How much do you produce? 

The sputum you are producing atthe moment has this ehanged reeently? If so, tell me about that. 

It ean be difficult for the person to provide you with answers eoneerning their sputum produc- 
tion. You ean help them by asking them to measure it in relation to teaspoons, tablespoons or an 
egg cup. Llnderstanding the sputum produced and deseribing and reporting its eharaeteristies - 
for example, the eonsisteney, the amount produced, the odour and its colour - ean provide you 
with much information about the person you are earing for. Also note if the person producing the 
sputum did this with ease or difficulty, and if, after the speeimen was produced, whether they 
beeame breathless or eyanotie. 

If the person you are earing for needs to use a sputum pot, you must make sure that it is plaeed 
within their reaeh and that you offer them tissues and a reeeptaele to dispose of the used tlssues. 
Disposing of sputum safely ean help prevent and eontrol infeetion; sputum is potentially an infee- 
tious body fluid. Care interventions include ensuring that the sputum pot is ehanged daily and that 
the lid is firmly elosed when it is not in use. Used tissues and sputum pots must be carefully dis- 
posed of regardless of the eare setting. Disposable, one-use-only sputum pots must be provided. 
ineineration is needed if sputum is infectious. Loeal poliey and procedures must be adhered to. 
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Medieines management 

Oxygen 

Oxygen is a drug, which should be preseribed. Oxygen is used to treat hypoxaemia, not breath- 
lessness.There Is no evidenee that oxygen relieves breathlessness in patients with normal or near- 
normal oxygen saturation readings. 

The aim of oxygen therapy is to maintain a normal or near-normal oxygen saturation level and 
that this should be aehieved on the lowest possible eoneentration of oxygen. The target oxygen 
saturation levels for acutely ill adults are 94-98% and 88-92% for those at risk of hypereapnie 
(excess earbon dioxide) failure - that is, patients living with ehronie obstructive pulmonary 
dlsease. 

Oxygen should only be administered by trained elinieians, and eaeh patient on oxygen 
should have their oxygen saturations monitored regularly. For this reason it is essential that 
oxygen saturation reading equipment should be within easy reaeh of patients reeeiving oxygen 
therapy. 

It is important that nurses use the eorreet delivery method in order to ensure the patient reeeives 
the eorreet preseription. Many oxygen preseriptions eome in the form of a pereentage. Venturi 
masks ensure that the patient reeeives the eorreet pereentage of oxygen by mixing room air with 
pure oxygen. Venturi masks are available in the following eoneentrations - please ensure you 
include the eorreet flow rate to ensure the patient reeeives the eorreet dose: 

24% - 2 L of oxygen per minute 
28%-4 Lofoxygen per minute 
35% - 8 L of oxygen per minute 
40% - 10 L of oxygen per minute 
60% - 15 L of oxygen per minute. 

Simple oxygen masks do not deliver oxygen with such accuracy.They ean deliver between 40% 
and 60% oxygen with a flow rate of 5-10 L of oxygen per minute. Flow rates of less than 5 L of oxy- 
gen per minute may lead to the build-up of earbon dioxide within the mask. Re-breather oxygen 
masks ean deliver up to 90% oxygen and are very effeetive in emergeney situations. 

Nasal cannulae ensure a steady delivery of oxygen into the nasal eavity. Flow rates between 1 
and 4 L of oxygen per minute will provide the patient with 24-40% oxygen. However, the actual 
volume of oxygen delivered will vary from patient to patient, as mouth breathing may dilute 
delivery. Flow rates greater than 4 L of oxygen per minute will provide greater eoneentrations of 
oxygen, but this may cause nasal dryness and diseomfort. 

Oxygen in the atmosphere is moist and humidifìed. Medieal oxygen, on the other hand, is 
dry. Patients on long-term oxygen therapy may encounter nasal or oral dryness, which ean cause 
dlseomfort. In such situatlons the medieal team may eonsider using humidifìed (passed through 
water) oxygen. 

See O'Driseoll etal. (2008). 
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Snapshot 

Pulnionary tuberculosis 

Leonard is a 28-year-old homeless man, who lives in a hostel in London. He was suffering with a 
ehronie productive cough, which had lasted for most of the winter. One morning he coughed up a 
small amount of blood. He ealled into a loeal Llrgent Care Gentre, where he explained to the triage 
nurse that in addition to the haemoptysis he had also been experiencing night sweats. 

Leonard is admitted to hospital with suspected pulmonary tuberculosis. Later, sputum samples 
and a ehest X-ray eonfìrm this diagnosis. He is eommeneed on oral rifampiein, isoniazid, pyrazina- 
mide and ethambutol and plaeed in isolation. 

Pulmonary tuberculosis is an infeetion of two phases. After the initial infeetion, damaged lung 
tissue is surrounded by a fìbrous wall. Thereafter, the patient remains asymptomatie and non- 
contagious. On reinfeetion, however, the fibrous wall breaks down and the infeetion spreads 
quickly. Llnless the individual is eommeneed on a striet antibiotie regime they will remain highly 
infectious. People at greatest risk of eontraeting tuberculosis are immunosuppressed people, 
people who have reeently travelled to areas with high infeetion rates, people living in crowded 
eonditions, homeless people and individuals who abuse drugs and aleohol. 

It is essential that individuals with a diagnosis of tuberculosis adhere to their 6-month drug 
administration regime. Individuals taking the reeommended antibiotie therapies are no longer 
infectious after 2 weeks. However, should an individual stop taking their medieation they could 
develop drug-resistant tuberculosis. 

See National lnstitute for Health and dinieal Excellence (2011). 


Ventìlatíon and perfusìon 

External respiration is most effeetive where there is an adequate supply of both oxygen and 
blood. In order to ensure a good enough supply of oxygen the alveoli have to be adequately 
ventilated. In health, an alveolar minute ventilation of around 4 L is required. In order to 
ensure that an adequate supply of blood is reoxygenated, a plentiful supply of blood must be 
delivered to the lungs from the right ventriele of the heart; in other words, a pulmonary blood 
flow of around 5 L per minute. This ideal delivery of adequate amounts of both air and blood is 
referred to as the ventilation \/^:perfusion Q ratio. A normal \/^:Q ratio would be 4:5 or 0.8. Any 
disruption to either ventilation or pulmonary blood flow would lead to a V^.Q mismateh and less 
oxygen diffusing into blood. Forexample, ifsomeone hypoventilates and V^faììs below4 L,then 
less blood would be reoxygenated. This would be deseribed as a low V^.Q ratio (i.e. 3:5 or 0.3). 
Another potential problem would be an inadequate pulmonary blood flow, due to an embolism 
for example. In such an instanee, less blood is available to be reoxygenated and the V^.Q ratio 
would beeome high (i.e. 4:3 or 1.34). In reality, however, the V^.Q ratio differs throughout the 
lungs and depends upon a person's position (Margereson, 2001). 

Transport of gases 

Both oxygen and earbon dioxide are transported from the lungs to body tissues in blood. Both 
gases travel in blood plasma and haemoglobin, which is found within erythroeytes (red blood 
eells). Key gas transport terminology is summarised in Table 11.4. 
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Table 11.4 Definitions of important gas transport terminology 


Gas transport term 

Defínítíon 

Oxygen saturation (SaO^) 

The pereentage of arterial haemoglobin earrying oxygen molecules 

SpO^ = SaO^ measured by a pulse-oximeter 

Partial pressure of arterial oxygen 
(PaO^) 

The amount of oxygen dissolved in arterial blood plasma measured in 
kilopaseals 

Partial pressure of earbon dioxide 

(PaeO,) 

The amount of earbon dioxide dissolved in arterial blood plasma measured in 
kilopaseals 

Oxygen eapaeity 

The potential spaee for oxygen transported by haemoglobin (Hb) per 100 mL 
of blood 

Hb X 1.39 = oxygen eapaeity per 100 mL of blood 

Arterial oxygen eontent (GaO^) 

The actual amount of oxygen in arterial blood earried by haemoglobin per 

100 mL of arterial blood 

Arterial oxygen saturation (SaO^) x oxygen eapaeity = oxygen eontent per 

100 mL of arterial blood 

Oxygen delivery (DO^) 

The actual amount of oxygen being delivered to body tissues based on eardiae 
output. 

Arterial oxygen eontent (GaO^) x eardiae output = oxygen delivery (DO^) 

Oxygen eonsomption (VO^^/o^ygen 
extraction ratio 

The amount of oxygen utilised by body tissues eaeh minute 


Transport of oxygen 

The vast majority of oxygen, around 98.5%, is transported attaehed to haemoglobin in the 
erythroeyte (red blood eell). Eaeh erythroeyte eontains around 280 million haemoglobin 
molecules and eaeh haemoglobin molecule has the potential to earry four oxygen mole- 
cules. The pereentage of haemoglobin earrying oxygen is measured as oxygen saturation 
(SaO^). The remaining 1.5% of oxygen is dissolved in blood plasma, and is often measured in 
kilopaseals (PaO^), which in health is around 11-13.5 kPa (82-101 mmHg). The delivery of 
oxygen, therefore, is also reliant upon the presenee of an adequate supply of erythroeytes 
and haemoglobin. In health, the average male would possess between 15 and 18g of 
haemoglobin for every 100 mL of blood. Eaeh gram of haemoglobin ean earry approximately 
1.34 mL of oxygen. Therefore, a male with a haemoglobin of 16 g per dL would have the 
eapaeity to earry 21.44 mL of oxygen for every 100 mL of blood (16x1.34 = 21.44).This volume 
of oxygen is referred to as oxygen eapaeity. However, it is rare for an individuaLs haemoglo- 
bin to be fully saturated with oxygen. The actual amount of oxygen being transported by 
haemoglobin is ealled oxygen eontent (GaO^). Oxygen eontent is determined by oxygen sat- 
uration levels. In health, an individuaLs oxygen saturation level (SaO^) would normally be 
between 97% and 99%. Therefore, a male with a haemoglobin of 16 g per dL and an SaO^ 
of 98% would have an oxygen eontent of 21.01 mL (0.98x21.44). GaO^ only provides 
the amount of available oxygen per 100 mL of blood. Moltiplying GaO^ by eardiae output 
will provide the amount of oxygen being delivered to all body tissues eaeh minute. 
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Po^ímmHg) 

(a) Effeet of temperature on affinity of haemoglobin for oxygen 



Po^ímmHg) 

(b) Effeet of pH on affinity of haemoglobin for oxygen 



Po^^mmHg) 


(e) Effeet of affinity of haemoglobin for oxygen 


Fìgure 11.1 4 The oxyhaemoglobin dissoeiation curve: (a) at normal body temperature, arterial earbon 
dioxide levels and normal arterial blood pH; (b) with high or low arterial blood pH; (e) with high or low 
arterial earbon dioxide levels. Source: Tortora and Derriekson (2009). Reproduced with permission of 
John Wiley &Sons. 


This volume of oxygen is ealled oxygen delivery (DO^). In other words, if eardiae output is 
5000 mL per minute, the aforementioned individual would have an oxygen delivery (DO^) 
of 1050 mL per minute (21.01 mL per 100 mL of blood x 5000). 

The relationship between oxygen attaehed to arterial haemoglobin (SaO^) and oxygen dis- 
solved in plasma (PaO^) is deseribed by the oxyhaemoglobin dissoeiation curve (see Figure 11.14). 
As PaO^ falls, SaO^ deereases in an S-shaped curve. If PaO^ falls as low as 8 kPa (60 mmHg) SaO^ 
will remain around 90%. Therefore, natural fluctuations in oxygenation, such as occur when 
singing, laughing and talking, will not result in dramatie reductions in oxygen saturations. The 
release of oxygen from haemoglobin ean be inereased by 23-diphosphoglyeerate, which is 
released during hypoxia and high temperatures. 
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eiinieal eonsiderations 

Measyring oxygen levels 

Pulse oxìmeters gauge the pereentage of haemoglobin earrying oxygen. This reading is ealled 
bxygen satnration'ÍSpO^). In health, SpO^ should be betvveen 95 and 99%; hovvever, tremors, anae- 
mia, polyeythaemia, eold extremitiesand nail varnish ean all jeopardisean accurate reading. Forthis 
reason, SpO^ should only be used in conjunction vvith other nursing observations (Clark etal., 2006). 

For a more accurate measure praetitioners use an arterìal blood gas reading. In such instanees 
a sample ofthe patient's arterial blood is plaeed intoa blood gas analyser. A printed or visual result 
is produced vvithin seeonds. Arterial blood gas readings provide information on pH, earbon diox- 
ide and biearbonate as vvell as oxygen. An oxygen saturation produced via blood gas analysis is 
referred to as SaO^. In addition to an oxygen saturation, blood gas analysis measures the pressure 
exerted by theoxygen dissolved in plasma. In health, arterial oxygen should be around 11 -13.5 kPa 
(82-101 mmHg) and is expressed as PaO^ (partial pressure of arterial oxygen). 


Table 11.5 The major types of hypoxia and their causes 


Type of hypoxìa 

Cause 

Stagnant or circulatory hypoxia 

Heart failure, laek of eardiae output leads to hypoxia 

Haemie hypoxia 

Laek of blood or haemoglobin (e.g. haemorrhage) 

Histotoxic hypoxia 

Poisoning (e.g. earbon monoxide inhalation) 

Demand hypoxia 

May occur when the demand for oxygen is high (e.g. during fever) 

Hypoxic hypoxia 

Hypoxia as a result of hypoxaemia 


Hypoxia and hypoxaemia 

Hypoxia is defined as a laek of oxygen vvithin body tissues. Hypoxaemia is defined as a laek of 
oxygen vvithin arterial blood. Naturally, hypoxaemia vvill lead to hypoxia as the tissues are reeeiv- 
ing less oxygen. Hovvever, as respiration also relies on a fully functioning cardiovascular system, 
hypoxia ean also occur even vvhen arterial blood is fully oxygenated - seeTable 11.5. 

Transport of earbon díoxide 

Just like oxygen, a small amount of earbon dioxide, around 10%, is transported in plasma. Garbon 
dioxide is also transported attaehed to haemoglobin, although only around 30% is transported 
that vvay. Nevertheless, haemoglobin has a greater affinity for earbon dioxide than for oxygen. 
VVithin the tissues this faeilitates the release of oxygen as earbon dioxide is being ereated. 
Hovvever, as earbon dioxide levels inerease (hypereapnia), the amount of oxygen binding to 
haemoglobin vvill be reduced. Any build-up of earbon dioxide vvill affeet the oxyhaemoglobin 
dissoeiation curve by pulling the natural curve to the right resulting in a greater risk of hypoxae- 
mia. Gonversely, a fall in earbon dioxide (hypoeapnia) has the opposite effeet (see Figure 11.14). 

Aeíd-base balanee 

The majority of earbon dioxide is transported as biearbonate ions (HGO^”). As earbon dioxide 
enters the erythroeyte it eombines vvith vvater to form earbonie aeid (H^GO^). H^GO^ then quickly 
dissoeiates into hydrogen ions (H+) and biearbonate ions (HGO^). The formation of H^GO^ is very 
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slow in plasma; in the red blood eell this reaetion is speeded up by the presenee of the enzyme 
earbonie anhydrase.The newly produced H+ eombines with haemoglobin, whereas HGO^" leaves 
the erythroeyte and enters blood plasma. For this reason, inereased and deereased levels of H+ 
ean also influence the oxyhaemoglobin dissoeiation curve (see Figure 11.14). VVithin the lungs, 
as earbon dioxide leaves the pulmonary circulation and enters the alveoli this proeess is reversed. 
The transport of earbon dioxide as HGO^” is summarised by the following equation: 


eo^ + H^O ++ H^eO^ ++ 

earbon vvater earbonie 
dioxide aeid 


hydrogen 

ions 


+ HC 03 

biearbonate 

ions 
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Note that the arrow symbols indieate that the equation moves both ways. For example, at a tis- 
sue level the equation moves from left to right, whereas within the lungs it moves in the oppo- 
site direetion. 

Arterial blood pH is mainly influenced by the levels of H+. If blood pH falls out of its optimum 
range of 7.35-7.45 an aeid-base imbalanee may occur.The respiratory system ean help to main- 
tain aeid-base balanee by eontrolling the expulsion and retention of earbon dioxide. VVhen pH 
falls (aeidosis), respiratory rate inereases and more earbon dioxide is expelled. This results in 
greater amounts of hydrogen ions H+ and HGO^” eombining to form hydrogen ions (H+) and 
biearbonate ions (HGO^”) eombining to form earbonie aeid (H^GO^). In other words, the above 
equation moves from right to left. H+ levels are reduced, and as a result pH inereases. H^GO^ is a 
weak aeid and has only a minimal effeet on blood pH. If blood pH rises, respiratory rate and 
depth may fall, resulting in the retention of earbon dioxide.The above equation will now move 
from left to right and more H+ will be ereated. 


Snapshot 

Respiratory faílure type 2 

Mary is a 61-year-old woman living with ehronie obstructive pulmonary disease. Mary had devel- 
oped a ehest infeetion that despite a course of antibioties preseribed by her GR had beeome 
gradually worse over the past few days. Mary had beeome inereasingly breathless and confused 
and disorientated. Goneerned, Mary's daughter ealled for an ambulance and Mary was taken to the 
aeeident and emergeney department. On admission the nurse noted that Mary had weak respira- 
tory effort and that her oxygen saturations were less than 88%. An arterial blood gas eonfìrmed 
that Mary was hypoxaemic (abnormally low oxygen levels in arterial blood) and hypereapnie 
(abnormally high earbon dioxide levels in arterial blood). Mary was immediately transferred to a 
respiratory high-dependeney unit where she was eommeneed on non-invasive positive pressure 
ventilation. 

The expulsion of earbon dioxide is reliant on good respiratory effort. People living with respira- 
tory disease ean experience respiratory muscle fatigue and weak respiratory effort, which leads to 
the build-up of earbon dioxide, a phenomenon known as respiratory failure type 2. High earbon 
dioxide levels ean lead to confusion and disorientation and also disturb arterial aeid-base balanee. 
Indeed, patients with retained earbon dioxide are also deseribed as having a respiratory aeidosis. 

Retained earbon dioxide ean only be expelled through inereased respiratory effort. Non-invasive 
ventilation seeks to enhanee the rate and depth of breathing in order to expel excess earbon diox- 
ide and eorreet respiratory aeidosis. 

See British Thoraeie Soeiety Standards of Care Committee (2002). 
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Transport of eo^ Transport of 

7% dissolved in plasma 1.5% dissolved in plasma 

23% as Hb-eO^ 98.5% as Hb-O^ 

70% as HOOg” 



To right atrium 


To tissue eells 


7% 



(b) Internal respiration: 
systemie gas 
exchange 


HCO 




O, 

(dissolved) 



Systemie 

eapillaries 


1.5% 


^^ferstitial 



Systemie 
tissue eells 


Fìgure 11.15 (a, b) External and internal respiration: oxygen and earbon dioxidefollowtheir pressure 

gradients (Hb: haemoglobin). Soi/ree: Tortora and Derriekson (2009). Reproduced with permission of 
John Wiley & Sons. 
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Internal respíratíon 

Internal respiration deseribes the exchange of oxygen and earbon dioxide betvveen blood and 
tissue eells, a phenomenon governed by the same prineiples as external respiration. Cells utilise 
oxygen vvhen manufacturing the eells' prime energy source, adenosine triphosphate (ATP). In 
addition to ATP the eells produce vvater and earbon dioxide. Because eells are continually using 
oxygen, its eoneentration vvithin tissues is alvvays lovver than vvithin blood. Likevvise, the eon- 
tinual use of oxygen ensures that the level of earbon dioxide vvithin tissue is alvvays higher than 
vvithin blood. As blood flovvs through the eapillaries, oxygen and earbon dioxide follovv their 
pressure gradients and continually diffuse betvveen blood and tissue (see Figure 11.15). The 
eoneentration of oxygen in blood flovving avvay from the tissues baek tovvards the heart is 
deseribed as being deoxygenated. In reality, if measured, the oxygen saturation of venous 
blood vvould probably be around 75%. This means that only around 25% of oxygen eontent 
(GaO^) leaves the bloodstream, leaving a plentiful supply.The actual amount of oxygen used by 
the tissues every minute is referred to as oxygen consumption (VO^) or oxygen extraction ratio 
(seeTable 11.4). 


Conclusìon 

This ehapter has examined the anatomy and physiology of the respiratory system.The respira- 
tory system is divided into the upper and lovver respiratory traets. The lovver respiratory traet 
eonsists of lung tissue and major airvvays. The structures vvithin the lovver respiratory traet are 
fragile and susceptible to infeetion, the main function of the upper respiratory traet therefore is 
the proteetion of the lovver respiratory traet.The main function of the lovver respiratory traet is 
the reoxygenation of arterial blood and the expulsion of excess earbon dioxide - a proeess ealled 
respiration. Respiration involves four distinet physiologieal proeesses: pulmonary ventilation 
(breathing), external respiration (gaseousexchange),transport ofgasesand internal respiration. 
Only the first tvvo proeesses are the sole responsibility of the respiratory system, and effeetive 
respiration is also reliant upon a fully functioning cardiovascular system. 



Aeeessory muscles l\/luscles not normally involved in respiration that ean be utilised to inerease 
inspiration. 

Aeìd-base balanee The meehanisms by vvhieh the body maintains arterial blood pH betvveen 7.35 
and 7.45. 

Alveolar mínute ventìlatíon The amount of air reaehing the respiratory portion of the lungs eaeh 
minute. 

Anatomìeal dead spaee The portion of the airvvay not involved in the exchange of oxygen and 
earbon dioxide (also referred to as the conducting zone). 

Aorta First major blood vessel of arterial circulation. Emerges from the left ventriele of the heart. 
Apex The tip or highest point of a structure. 

Apneustìc eentre Area of the pons (brainstem), vvhieh influences inspiration. 

Arytenoìd eartìlage Gartilage tissue involved in the production of the voiee. 

Aspíratíon The inhalation of solid or liquid substances. 
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Asthma A ehronie inflammatory disorder of the lungs. It causes the bronehi and bronehioles to 
beeome inflamed and eonstrieted. As a result airflovv beeomes obstructed, often resulting in a ehar- 
aeteristie vvheeze. 

Bronehìal artery Artery that delivers oxygenated blood from the aorta to the bronehi and 
bronehioles. 

Bronehìal tree The lovver respiratory traet. 

Bronehìal veìns Veins that earry deoxygenated blood from the bronehi and bronehioles to the 
superior vena eava. 

Bronehìole Seetion of the lovver respiratory traet found beyond the tertiary bronchus. 

eardìae noteh The spaee betvveen the right and left lung occupied by the heart and its major blood 
vessels. 

Garotìd artery Major artery supplying the brain, stems from the aorta. 

Gartìlage Type of eonneetive tissue that eontains eollagen and elastie fibres. Gartilage ean stand up 
to both tension and eompression. 

eerebrospínal fluìd Fluid found vvithin the brain and spinal eord. 
ehemoreeeptors Sensory eells sensitive to speeifie ehemieals. 

ehronk obstructìve pulmonary dìsease An umbrella term that eneompasses ehronie bronehitis, 
emphysema and ehronie asthma - respiratory diseases vvhieh obstruct airflovv. 

eìlìa Hair-like extensions to the plasma membrane. 

eiavìele Anatomieal term for the eollarbone. 

Conductìng zone Seetion of the airvvays vvhieh plays no part in the exchange of oxygen and earbon 
dioxide (also referred to as anatomieal dead spaee). 

Cornìculate eartìlage Gartilage tissue involved in the production of the voiee. 

erìeoíd eartìlage Ring of eartilage that forms the lovver part of the larynx (voiee box). 

erìeothyroìd lìgament Tissue that eonneets the thyroid eartilage and the erieoid eartilage, the 
main structures found in the larynx (voiee box). 

Cuneìform eartìlage Gartilage tissue involved in the production of the voiee. 

Dìaphragm Goneave respiratory muscle that separates the lungs and the abdomen. 

Díffusìon The passive movement of molecules or ions from a region of high eoneentration to lovv 
eoneentration until a state of equilibrium is aehieved. 

Embolìsm Bloekage of a blood vessel by a foreign substance or blood elot. 

Epíglottís Leaf-shaped pieee of eartilage that sits atop the larynx. 

Ethmoìd bone Sponge-like bone found in the skull. Forms part of the nasal septum. 

Expectorate To cough up and spit out mucus or sputum. 

Expíratory reserve volume The potential eapaeity for exhalation beyond a normal breath out. 

External respìratìon The proeess by vvhieh oxygen and earbon dioxide are exchanged betvveen the 
lungs and blood. 

Fauces The opening into the pharynx from the oral eavity. 

Glossopharyngeal nerve Granial nerve IV - nerve that communicates vvith tongue and pharynx. 
Also transmits information on oxygen and earbon dioxide levels. 
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Goblet eells l\/lucus-secreting eells founcl in epithelial tissue. 

Hypothalamus Region of the dieneephalon area of the brain. Responsible for the maintenanee of 
homeostasis. 

Hypoxaemìa A reduced amount of oxygen vvithin arterial blood. 

Hypoxìa A reduced amount of oxygen vvithin the tissues. 

Hypoventìlatìon Deereased ventilation - laekof air entering the alveoli. 

Inspíratory reserve volume (IRV) The potential eapaeity for inspiration beyond a normal breath in. 

intereostal nerves Nerves that link the respiratory eentre in the brainstem vvith the intereostal 
muscles. 

intereostal spaees The anatomieal spaees found betvveen the ribs. 

Internal respìratìon The proeess by vvhieh oxygen is exchanged for earbon dioxide vvithin the tissues. 
lntrapulmonary pressure The pressure exerted by all the gases present vvithin the lungs. 
Laryngopharynx The lovver seetion of the pharynx (throat). 

Larynx The physiologieal term for the voiee box. 

Límbíe system Part of the functional brain, vvhieh proeesses emotion. 

Lìngual tonsìls Tonsils found underneath the tongue. 

Lobes Distinet regions of the lungs.There are three lobes in the right lung and tvvo in the left lung. 

Lobule l\/linute portion of lung tissue served by its ovvn eapillary. 

Lower respíratory traet All respiratory passages found belovv the larynx. 

Lung eomplìanee The ease vvith vvhieh the lungs ean be inflated. 

Lymph nodules Egg-shaped masses of lymph tissues that provide an immune response. 

Lymph vessel A vessel that earries lymphatie fluid. Part of the lymphatie system vvhieh forms part of 
the immune system. 

Meat^ses Three passagevvays found vvithin the nasal eavity. 

Medulla oblongata Area of the brainstem. 

Mínute volume (1/^) The amount of air breathed in one minute. 

Nasal eavìty Anatomieal spaee vvithin the nose. 

Nasal eonehae Bones found vvithin the nasal eavity. 

Nasal septum Structure that divides the nose into tvvo nostrils. 

Nasopharynx The upper seetion of the pharynx (throat). 

Non-keratìnísed stratìfìed squamous epìthelìum Cuboid or columnar-shaped eells that line and 
proteet vvet surfaces such as the mouth, oesophagus, epiglottis, tongue and vagina. 

Oesophagus Tubular vessel that earries food and liquid from the pharynx to the stomaeh. 

Olfaetory Pertaining to the sense of smell. 

Oropharynx The middle seetion of the pharynx (throat). 

Oxyhaemoglobìn díssoeìatíon curve An S-shaped curve that deseribes the relationship betvveen 
the volume of oxygen attaehed to haemoglobin and the amount of oxygen dissolved in plasma. 
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Palatìne tonsìls Tonsils found tovvards the rear of the oral eavity. Usually visible vvhen the mouth is 
open. 

Parìetal pleura Proteetive membrane vvhieh attaehes the vvalls of the thorax to the lungs. 

Pharyngeal tonsìl Tonsil that sits on the baek vvall of the pharynx. Also knovvn as the adenoid. 

Pharynx Passagevvay for food and air, vvhieh links the nasal and oral eavity vvith the larynx. More 
eommonly ealled the throat. 

Phrenìe nerve Nerve that links the diaphragm to the respiratory eentre in the brainstem. 

Pleural spaee The minute spaee betvveen the viseeral and parietal pleura. 

Pneumotaxìc eentre Portion of the medulla oblongata (brainstem) that influences inspiration. 
Pons Area of the brainstem. 

Pseudostratìfìed eílìated columnar epìthelìum Govering or lining of internal body surface that 
eontains eilia and mucus-secreting goblet eells. 

Pulmonary artery Artery that earries deoxygenated blood from the right-hand side of the heart 
tovvards the lungs. 

Pulmonary oedema A eondition eharaeterised by the leakage of fluid into the alveoli. 

Pulmonary veìns Veins that earry oxygenated blood from the lungs baek to the left-hand side of 
the heart. 

Pulmonary ventìlatìon The proeess by vvhieh air enters and exits the lungs (breathing). 

Pyrexìa Elevated temperature assoeiated vvith fever. 

Resídual volume (RV) A small amount of air that permanently remains in the lungs. 

Respìratory zone The portion of lung tissue involved in the exchange of oxygen and earbon 
dioxide. 

Sternum Flat bone vvhieh forms part of the thoraeie eage. Proteets the heart and lungs. Gommonly 
referred to as the breastbone. 

Surfactant A detergent-like substance manufactured by eells of the alveoli, vvhieh reduces surface 
tension and inereases lung eomplianee. 

Systemíe círculatìon The flovv of blood from the left ventriele and right atrium delivering oxygen to 
and eolleeting earbon dioxidefrom body tissues. 

Thoraeìe eage Framevvork of bones, vvhieh eonsists of the ribs, sternum (breastbone) and vertebrae 
(spine). 

Thorax The body trunk above the diaphragm and belovv the neek. 

Thyroìd eartílage The outer vvall of the larynx (voiee box). 

Tìdal volume (V^) The volume of air that passes in and out of the lungs during one breath. 

Tonsíls Lymph nodules found vvithin the upper respiratory traet. They form part of the body's 
defenee. 

Total lung eapaeìty (TLC) The maximum amount of air that a person's lungs ean aeeommodate. 

Traeheostomy A procedure in vvhieh an ineision is made in the traehea to faeilitate breathing. 

Transport of gases The proeess by vvhieh oxygen and earbon dioxide are delivered betvveen the 
lungs and the tissues. 
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llpper respìratory traet All structures of the respiratory system situated betvveen the oral and 
nasal passagevvays and the larynx. 

Vagus nerve Granial nerve X - major nerve in parasympathetie function. Also transmits information 
on oxygen and earbon dioxide levels. 

Ventìlatìon V^: perfusìon Q ratìo The ratio of blood and air delivery to the lungs every minute. 
Ideally 4 L of air to 5 L of blood. 

Vestìbule The spaee inside the nasal eavity, just inside the nostrils. 

Vìseeral pleura Proteetive membrane that lines the lungs. 

Vital eapaeíty The maximum potential for inspiration and expiration, measured in litres. 

Vomer Triangular-shaped bone that forms the base of the nasal eavity. 
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Further readíng 

Britísh Thoraeie Soeiety 

https://vvvvvv.brit-thoracic.org.uk 

The British Thoraeie Soeiety vvebsite provides a range of information and elinieal guidance that is based on 
best available evidenee. Their guidance is essential for all health professionals that vvish to provide 
gold-standard eare for their respiratory patients. British Thoraeie Soeiety guidance vvill also ensure that 
your aeademie vvork is up to date. 


Britísh Lung Foundatíon 

https://vvvvvv.blf.org.uk/Home 

The British Lung Foundation vvebsite provides a vvealth of information for patients vvith respiratory disease. 
By aeeessing this site you ean gain insight into the support available for people living vvith lung 
disease, vvhieh may help you in praetiee and in your aeademie studies. 


Respíratory Educatíon UK 

https://vvvvvv.educationforhealth.org/REUK/ 

The Respiratory Education UK vvebsite has aeeess to a range of courses and information, vvhieh you may 
vvish to utilise for your studies. There are also quizzes and exercises, vvhieh ean test your 
understanding. 

Aetìvìtíes 

Moltiple ehoíee questions 

1. Which of the follovving structures is not found in the upper respiratory traet? 

(a) palatine tonsils 

(b) turbinates 
(e) earina 

(d) fauces 

2. Which of the follovving structures isfound in the respiratory zone? 

(a) alveolarducts 

(b) terminal bronehioles 

(e) tertiary bronchus 

(d) traehea 

3. Which of the follovving statements on pulmonary ventilation is true? 

(a) the diaphragm is responsible for 75% of thoraeie expansion 

(b) expiration is dependent upon external intereostal muscle aetivity 

(e) intrapulmonary pressure is alvvays greater than atmospherie pressure 

(d) the diaphragm and external intereostal muscles are two major aeeessory muscles 
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4. VVhieh of the follovving statements on work of breathing is true? 

(a) inereased airway diameter inereases airway resistanee 

(b) surfactant inereases alveolar surface tension 
(e) lung disease ean inerease work of breathing 

(d) in health, work of breathing accounts for 50% of total body energy expenditure 

5. Where are the respiratory eentres? 

(a) the medulla oblongata and pons 

(b) the hypothalamus 

(e) the limbie system 

(d) eerebral cortex 

6. Which of thefollowing could inereasethe rateof breathing? 

(a) inereased earbon dioxide levels 

(b) deereased oxygen levels 

(e) pyrexia 

(d) all of the above 

7. Which of the following statements on external respiration is true? 

(a) the eoneentration of oxygen is greater in pulmonary circulation than in the alveoli 

(b) the eoneentration of earbon dioxide is greater in the alveoli than in pulmonary 
circulation 

(e) earbon dioxide diffuses from the alveoli into pulmonary circulation 

(d) oxygen diffuses from the alveoli into pulmonary circulation 

8 . Reduced levels of oxygen in blood is ealled 

(a) hypoxaemia 

(b) hypereapnia 

(e) hypoeapnia 

(d) hypoxia 

9. Which of the following ean be transported attaehed to haemoglobin? 

(a) oxygen 

(b) earbon dioxide 

(e) hydrogen ions 

(d) all of the above 

10. The amount of oxygen utilised by eells is referred to as 

(a) oxygen eontent (GaO^) 

(b) oxygen delivery (DOj 

(e) oxygen consumption (VO^) 

(d) oxygen eapaeity 


True or false 

1. The pharynx is found in the upper respiratory traet. 

2. The traehea eonsists of three to five C-shaped eartilage rings. 

3. The conduction region of the lungs reeeives oxygenated blood from eapillaries that stem 
from the bronehial arteries, which originate from the aorta. 

4 Boyle's law states that the amount of pressure exerted is inversely proportional to the size 
of its eontainer. 

5. If the diameter of an airway lumen is halved, resistanee to airflow inereases 16-fold. 

6. The respiratory eentres are found within the hypothalamus. 
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7. It takes approximately 1 min for an oxygen molecule to diffuse out of alveoli and into the 
pulmonary circulation. 

8 Eaeh erythroeyte eontains around 280 million haemoglobin molecules. 

9* Around 90% of earbon dioxide is transported in blood plasma. 

10 Stagnant or circulatory hypoxia is caused by hypoxaemia. 

Label the díagram 1 

Label the diagram using the follovving list of vvords: 


Viseeral pleura, Parietal pleura, Pleural eavity, Right primary bronchus, Right seeondary 
bronchus, Right tertiary bronchus, Right bronehiole, Right terminal bronehiole, BRANCHING 
OF BRONGHIAL TREE, Traehea, Primary bronehi, Seeondary bronehi, Tertiary bronehi, 
Bronchioles,Terminal bronehioles, Loeation of earina, Left primary bronchus, Left seeondary 
bronchus, Left tertiary bronchus, Left bronehiole, Left terminal bronehiole, Diaphragm, 
Larynx, Traehea 
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Label the diagram 2 

Label the diagram using the follovving list of vvords: 

Pulmonary venule, Elastie eonneetive tissue, Pulmonary eapillary, Viseeral pleura, Alveoli, 
Terminal bronehiole, Pulmonary arteriole, Lymphatie vessel, Respiratory bronehiole, Alveolar 
ducts, Alveolarsae 
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Label the diagram 3 

Label the diagram using the follovving list of vvords: 

Sternoeleidomastoids, Sealenes, External intereostals, Diaphragm, Internal intereostals, 
Abdominal muscles, Inspiration, Expiration 
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Crossword 



Aeross: 

1 e The proeess of gaseous exchange 

(8J1). 

5. Structure founcl in a lobule (7). 

7. The amount of air inspired and expired 
during one breath (5,6). 

9 Diminished amount of oxygen in tissues 
(7). 

10 Waste gas disposed by lungs (6, 7). 

13. Voicebox(6). 

14. Main earrier of oxygen in blood (11). 

15. _lawof diffusion (5). 

16 Fast respiration rate (10). 


Down: 

1. Breathing out (10). 

2 Gonneets the larynx to the bronehi (7). 

3 Reduces surface tension in alveoli (10). 

4. Gas essential for life (6). 

6 Total lung volume minus residual 
volume (5,8). 

8 Your right lung has three, your left lung 
has two (5). 

9 Diminished amount of oxygen in blood (10). 

11 Difficulty in breathing (8). 

12 Proteetive layer of the lungs (6). 
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Alveoli, Bronehioles, Garbon dioxide, Garina, Diffusion, Hypoxaemia, Hypoxia, Larynx, Lungs, 
Oropharynx, Oxygen, Pleura, Respiration, Spirometry, Surfactant Sputum,Trachea, Ventilation 

Fìll In the blanks 

Lungs are divided into distinet regions ealled_. The heart sits in a spaee ealled the 

_, which sits between both lungs. Eaeh lung is proteeted by two membranes, ealled 

the_and parietal_. The lower respiratory traet starts at the_. 

At a point ealled the_the airways subdivide into right and left_, which 

divide again into_.The next braneh of the bronehial tree is the_, which all 

lead to a network of_. Eventually airways terminate at a_. From this point 

forward this region of the airways is referred to as a_. VVithin this region the airways 

subdivide further into_,_and_. 

eardiae noteh, alveolar ducts, primary bronehi, viseeral, tertiary bronehi, traehea, alveoli, earina, 
bronehioles, lobes, lobule, seeondary bronehi, pleura, terminal bronehiole, respiratory 
bronehioles 
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Find out more 

1. How is a traeheostomy performed and why might a patient need one? 

2. Make a list of what you eonsider to be the key respiratory assessments a nurse must earry 
out. 

3. Discuss the impaet breathlessness may have on an individuars psyehologieal well-being. 

4. What is the role of the nurse in respeet to earing for a patient with an acute respiratory 
failure? 

5. Discuss the role of the nurse in reducing the impaet of respiratory disease in the community. 
6 What adviee should the nurse provide for patients preseribed bronehodilator and steroid 

therapy? 

7. Investigate arterial blood gas readings - why might they be useful for nurses working in 
high-dependeney or intensive-eare settings? 

8 What would the key nursing eare interventions be when earing for a patient with a 
pneumothorax? 

9. What is the role of the nurse and other healtheare professionals in the prevention of 
hospital-acquired pneumonia? 

10. Discuss the role of the dietieian in the eare of a patient with a long-term respiratory illness. 

eondítíons 

The following is a list of eonditions that are assoeiated with the respiratory system. Take some 
time and write notes about eaeh of the eonditions. You may make the notes taken from text 
books or other resources (e.g. people you work with in a elinieal area), or you may make the notes 
as a result of peopleyou have eared for. lfyou are making notes about peopleyou have eared for 
you must ensure that you adhere to the rules of eonfidentiality. 


Asthma 


ehronie obstructive pulmonary 
disease 
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Pulmonary tuberculosis 


Lung eaneer 


Cysticfibrosis 
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Where does fertilisation occur? 

What are the fìnger-like projeetions at the end of the fallopian tubes ealled? 
What is the name of the male reproductive organ? 

• The eontents of the serotal sae sit outside of the abdominal eavity. Why? 

What is the inner layer of the uterus ealled? 

Deseribe the role and function of the hormone testosterone. 

A woman is likely to fall pregnant at what stage of the menstrual eyele? 

What is the term for surgical removal of the uterus, ovaries and fallopian tubes? 
What is thefunction ofthe prostate gland? 

What are the functions of the testes? 


Learning outcomes 

After reading this ehapter you will be able to: 

Deseribe the male reproductive organs 
Deseribe the female reproductive organs 
• Llnderstand the role and functions of the male reproductive system 
Llnderstand the role and functlons of the female reproductive system 

Provide an overview of the role and functions of the various hormones assoeiated with the 
male and female reproductive systems 
Outline the phases of the menstrual eyele 


Fundamentals ofAnatomy and Physiology: For Nursing and Heaitheare Students, Seeond Edition. Edited by lan Peate and Moralitharan Nair. 
© 2017 John VViley & Sons, Ltd. Poblished 2017 by John VViley & Sons, Ltd. 

Stodent eompanion vvebsite: vvvvvv.vvileyfundamentalseries.com/anatomy 
lnstructor eompanion vvebsite: vvvvvv.vviley.com/go/instructor/anatomy 
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lntroductìon 

In men and women the reproductive systems aretheonly systemsthat differ in termsof structure 
and function. At eertain times in a person's life the reproductive systems are the only systems 
that undergo speeifie ehanges. 

Reproduction is one of the most important and essential attributes of living organisms; all 
living organisms multiply in order to form new individuals of their own kind through 
reproduction. One generation of living organisms gives rise to the next generation as they 
reproduce. Reproduction is a function essential for the life of the speeies (l\/lcGuinness, 2013). 
In humans, reproduction is sexual; this means that ehildren are produced as a consequence of 
male and female mating. 

Fertilisation occurs inside the body of the female; the human sexual organs are dedieated to 
this. The reproductive systems do not work in isolation; they work together with body systems 
in order to maintain homeostasis with other body systems. 

Sexual reproduction usually concludes with the production of ehildren for the continued 
existence of the speeies, as well as passing on hereditary eharaeteristies from generation to 
generation.The male and female reproductive systems are responsible for contributing to the 
events that lead to fertilisation. When this has occurred, the female reproductive organs 
then take on the responsibility for developing and nurturing the human and giving birth. 
The testes and ovaries produce sperm and ova respeetively, as well as the hormones required 
for the development upkeep and performanee of the organs of reproduction and other 
organs and tissues. 

This ehapter provides an overview of the structure and functions of both male and female 
reproductive systems. The anatomieal systems of the male and female, unlike any of the other 
anatomieal systems in the body, differ in males and females (MeGoiness, 2013). 

The male and female reproductive systems are made up of the reproductive organs. In the male 
the organs include the testes, aeeessory ducts, aeeessory glands and the penis. In the female the 
organs include the uterus, uterine tubes, ovaries, vagina and the vulva. 
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The male reproductìve system 

The male reproductive system, being generally outside of the body, is more obvious than the 
female reproductive system; there are, hovvever, internal and external structures. Male repro- 
ductive organs, vvorking in unison vvith other body systems (e.g. the neuroendocrine system), 
make the hormones that are essential in biologieal development and sexual behaviour, 
performanee and aetions. In the male these organs also include and are eentral to the 
function of the urinary system. The male reproductive system is shovvn in Figure 12.1. 

There are a number of functions that are assoeiated vvith the male reproductive system: 

to produce, maintain and transport the sperm (the male reproductive eells) and the fluid semen; 

to ejeet sperm from the penis; 

to manufacture and seerete the male sex hormones. 

The major structures of the male reproductive system include the testes, the external genitalia, 
ineorporating the penis, scrotum, reproductive traet and a number of ducts responsible for the 
transportation of the sperm from the testes to the penis and outside the body; there are also tvvo 
seminal vesieles, bulbourethral glands and the prostate gland. 

The testes 

In utero the testes are developed in the abdominal eavity of the foetus. They then traverse the 
inguinal eanal, entering the serotal sae.The testes are suspended in the serotal sae, hanging one 
on either side of the penis, and it is usual for one to hang lovver than the other - this is a normal 
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Fìgure 12.1 The male reproductive system. Soi/ree: Tortora and Derriekson (2009). Reproduced vvith 
permission of John Wiley & Sons. 
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finding. If sperm is to be viable it is essential that production is made at a temperature lower than the 
normal body temperature, and for this reason the testes in the serotal sae are external to the body. 
The key functions of the testes are to: 

• produce sperm (spermatozoa); 

• produce the male sex hormones (e.g. testosterone). 

The testes are small oval-shaped organs measuring approximately 5 em long and 2.5 em wide 
with a layer of serous fibrous eonneetive tissue surrounding them. There are three layers that 
eover the testes: 

1 . tunica vaginalis 

2. tunica albuginea 

3. tunica vasculosa. 

The testes are divided into approximately 250-300 eompartments or lobules. Inside eaeh 
eompartment is a eolleetion of tightly eoiled hollow tubes known as the seminiferous tubules. 
There are usually between one and four seminiferous tubules, and it is in these tubules where 
sperm is produced in the form of sperm stem eells (see Figure 12.2). There are spaees loeated 
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Fìgure 12.2 A testiele demonstrating seminiferous tubules. Source: Tortora and Derriekson (2009). 
Reproduced with permission of John Wiley & Sons. 
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betvveen the tubules, and in these spaees is a cluster of eells ealled the Leydig eells that synthesise 
and seerete the hormone testosterone, as vvell as other androgens. 

The seminiferous tubules have an outer and inner layer. The outer layer is eomposed of 
a smooth layer of muscle eells and an inner epithelial layer of eells ealled the Sertoli eells. Sperm 
eells, in their various stages of development are stored in the spaees betvveen the Sertoli eells. 
l\/lature sperm arefound in the lumen ofthe seminiferous tubules.The key function ofthe Sertoli 
eells is to nurture and eontrol the developing sperm; these eells are sometimes referred to as the 
nurse or mother eells and are sperm helper eells. The Sertoli eells have several functions, 
including phagoeytosis, seeretion of fluid that allovvs the sperm to develop and be transported, 
and providing a means vvhereby the developing sperm ean be nourished. 

eiinieal eonsiderations i 

eryptorehidism 

Llndeseended testes (eryptorehidism) is a eommon ehildhood eondition vvhere the ehild is born 
vvithout both testes in the serotal sae. In the majority of eases no aetion vvill be required, as the 
testes vvill migrate dovvn into the scrotum during the fìrst 3-6 months.There are, hovvever, a small 
number of eases vvhere the testes remain undescended unless treated. Gryptorehidism does not 
present any immediate health problems; the parent(s) should eontaet the GP if at any point they 
notiee the boy's testes are not vvithin the serotal sae. 

In utero the testes develop inside the ehild's abdomen prior to slovvly moving dovvn into the 
serotal sae from about 2 months before birth. The exact reason vvhy some boys are born vvith 
undescended testes is not fully understood, but risk faetors that have been identifìed include a 
relationship vvith lovv birth vveight, being born prematurely (before the 37th vveek of pregnaney) 
and having a family history of undescended testieles. 

In most eases, the testiele(s) vvill move dovvn into the scrotum naturally; if this is not the ease, 
treatment is usually reeommended (e.g. orchidopexy). Boys vvith undescended testieles may have 
problems assoeiated vvith fertility, and there is also an inereased riskof the boy developing testicular 
eaneer. 


Spermatogenesís 

Sperm production occurs in the seminiferous tubules of the testes and is ealled spermatogenesis 
(see Figure 12.3). Spermatogenesis usually eommenees around puberty and continues for the 
rest of a man's life. It is usual for a young healthy man to be eapable of producing many hundred 
million sperm daily. 

Spermatogenesis is a complex aetivity, it has been estimated that it ean take approximately 
65-75 days to occur. Figure 12.3 highlights the faet that spermatogenesis (the life of a single 
sperm) begins vvith the spermatogonia that eontains the diploid (2n) number of ehromosomes. 

The spermatogonia divide continually as a result of mitotie division to produce eells that are 
ealled primary spermatoeytes vvith 46 ehromosomes. Some spermatogonia stay elose to the 
basement membrane of the seminiferous tubule, aeting as a pool of eells poised to take part in 
future sperm production. 

Division occurs again as a result of some spermatogonia breaking avvay from the basement 
membrane developing, differentiating and ehanging. Primary spermatoeytes are produced vvith 
46 ehromosomes. Meiosis then occurs, vvith the emergenee of seeondary spermatoeytes that 
novv have 23 ehromosomes eaeh. 
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Fígure 12.3 Stages of spermatogenesis. Source: Tortora and Derriekson (2009). Reproduced with 
permission of John Wiley & Sons. 


Spermatids are produced with the next stage of eell division. These then beeome sperma- 
tozoa or sperm eells; this stage is the final stage of spermatogenesis.The formed sperm eells 
have 23 ehromosomes eaeh, which is half the number required to begin human develop- 
ment. The remaining 23 ehromosomes that are required are provided by the egg (ova) of a 
woman. When the sperm and ovum unite, the result of eoneeption (conceptus) will have the 
required 46 ehromosomes. 

The sperm are released from the Sertoli eells, entering the lumen of the seminiferous tubules. 
The sperm are pushed along the various ducts loeated within the testes. 

Sperm 

There are approximately 300 million sperm that mature eaeh day (Tortora and Derriekson, 
2012). Eaeh sperm eell is usually equipped with various structures that allow it to be able to 
penetrate the ovum.The head of the sperm eell eontains a fluid that is eomposed of enzymes, 
assisting the sperm with its job of penetration, which then results in fertilisation (see 
Figure 12.4). 

Oneethesperm areformed, they travel up intotheepididymis via a system ofvery small ducts 
that are known as the rete testes.These small ducts are C-shaped structures that unite from the 
baek to the epididymis, which is positioned on the upper aspeet of the testes. The ereseent- 
shaped eoiled epididymis is akin to a holding plaee that matures the sperm, taking on nutrients 
and growing for a number of weeks before travelling further. As the sperm mature further they 
develop the ability to move spontaneously and aetively (motility). 

Thesperm'sfinal stageisarrival atthevasdeferens.Thevasdeferensemerges attheepididymis 
and twists up beyond the symphysis pubis and the urinary bladder. There are two vas deferens 
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Fìgure 12.4 eomponents of a sperm. Source: Tortora and Derriekson (2009). Reproduced with 
permission of John Wiley & Sons. 

arising from eaeh testiele; they join at the baek of the bladder. Eaeh vas deferens merges with 
one seminal vesiele; this seminal vesiele eontains the fluids neeessary at the time of ejaculation. 
The fluids from the vas deferens and seminal vesieles are released into the ejaculatory ducts that 
are loeated within the prostate gland. 

The prostate gland also seeretes fluids that are found in the ejaculate.The fluid seereted is a milky 
alkaline fluid providing a friendly environment for sperm to survive, preparing them for survival in 
the aeidity of the vagina. The ejaculatory ducts eonneet to the urethra, where the sperm will be 
ejaculated during orgasm as a result of sexual intercourse or masturbation. Onee the sperm is 
ejaculated it is unusual for it to survive longer than 48 h within the female reproductive traet. 

The testes and hormonal ínfluences 

The performanee of the testes and their ability to function effeetively are also under the 
influence of several hormones, the male sex hormones. 

The male sex hormones are known as androgens.The majority of androgens are produced in the 
testes, although the adrenal cortex (loeated in the adrenal gland) is also responsible for producing 
a small amount.Testosterone isthe main androgen produced by the testes.This hormone isessen- 
tial for the growth and maintenanee of the male sexual organs as well as the seeondary sex 
eharaeteristies (e.g. piteh of voiee, musculature and body hair) and for effeetive spermatogenesis. 
It also encourages metabolism, growth of muscles and bone, as well as libido (sexual desire). 

There is a small amount of testosterone seereted by the testes in utero; after birth, little testos- 
terone is seereted until the male reaehes puberty. With the onset of puberty the hypothalamus 
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Fìgure 12.5 Negative feedbaek system assoeiated with the eontrol of testosterone in the blood. 
Soi/ree: Tortora and Derriekson (2009). Reproduced with permission of John Wiley & Sons. 


intensifies its seeretion of gonadotrophin-releasing hormone (GnRH). As GnRH is released, this 
stimulates the anterior pituitary gland to release and inerease its diseharge of luteinising 
hormone (LH).These hormones work on the negative feedbaek systems eontrolling the seeretion 
of testosterone in the blood and the production of sperm (spermatogenesis) (see Figure 12.5). 
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Fìgure 12.6 The scrotunn and testes.Soi/reeiTortora and Derriekson (2009). Reproduced with permission 
of John Wiley & Sons. 


The scrotum 

The serotal sae is likened toa loose bag of skin hanging between the thighs, anteriorto the anus; 
this is a supporting structure that is suspended from the root of the penis. On the outside the 
scrotum usually appears as a single sae of skin that is separated into two portions by a ridge in 
the middle known as the raphe. From the inside the scrotum is divided into two saes separated 
by a serotal septum with a testiele in eaeh (see Figure 12.6). 

The scrotum assists with eontrol of the temperature of the testes. The most favourable tem- 
perature for sperm production is approximately 2-3°C below eore body temperature; however, 
too low a temperature ean also impaet on spermatogenesis. 

Several meehanisms eome into play when adjusting the position of the testes in the scrotum 
in relation to the body. When the temperature of the testes is too low (if the ambient tempera- 
ture falls), the scrotum reaets in such a way that it eontraets, bringing the testes up eloser to the 
body. Gonversely, if the testicular temperature is too high, then the scrotum relaxes, enabling 
the testes to deseend, moving them further away from the body, exposing surface area and 
providing a faster dispersion of heat. 
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Testicular torsion 

Anil, a 17-year-old, has been playing squash, and during the game his opponenfs racquet hit him 
the groin with some foree. This winded Anil, who fell to the ground but reeovered in order to 
continue playing the game. After the game ended he went for a shower, and the pain in the serotal 
region was excruciating. He then notieed his left testiele was swollen and very tender to touch. 
He vomited and his lower abdomen Telt like is was going to bust'. He was taken to the aeeident and 
emergeney department where he was examined by a nurse praetitioner who tried to manually 
rotate what he thought was torsion of the left testiele. However, the pain was so intense that a 
colour Doppler examination was performed. Anil was given intramuscular pain relief and an 
antiemetie. The findings eonfìrmed the nurse's diagnosis of left testicular torsion. Anil then 
underwent detorsion and orchidopexy. 

It is important that onee diagnosis has been eonfìrmed that surgery takes plaee as soon as 
possible so as to prevent isehaemia and to preserve function and fertility. Gomplieations of an 
untreated or delayed torsion include infaretion of the testiele along wlth subsequent atrophy, 
infeetion and eosmetie deformity.There is some evidenee that retention of an injured testiele ean 
cause pathology in the eontralateral testes, abnormal semen analysis and deereased fertility 
(Blaivas and Brannam, 2004). 


The eremasterie reflex 

The eremasterie reflex is a phenomenon that occurs when the body needs to lower or raise 
the position of the testes. The eremaster muscle is part of the spermatie eord, and when this 
muscle eontraets, the spermatie eord beeomes shorter and the testes are moved upwards 
towards the body. The result is that this provides slightly more heat to ensure the most favour- 
able testicular temperature. When eooling is needed, the eremaster muscle then loosens up and 
the testes are subsequently moved away from the heat of the body and then eool down. It is the 
eontraetion of the dartos muscle (situated in the subcutaneous layer of the scrotum) that causes 
the scrotum to appear wrinkled when it is tightened up. 

The penís 

The penis is the male copulatory organ. The penis eneloses the urethra and is a highly vascular 
organ. This organ is the passageway for excretion of urine as well as the ejaculation of semen. 
The penis has a shaft and a tip known as the glans, and in the uncircumcised male this is eovered 
by the prepuce (also ealled the foreskin). 

The penis is eylindrieal in shape, eomposed of three eylindrieal masses of tissues. The three 
columns of ereetile tissue in the penis are the shaft the eorpora eavernosa and the corpus 
spongiosum (see Figure 12.7).The attaehed portion of the penis is known as the root, and the 
freer moving part is ealled the shaft or the body. 

The penis is usually flaeeid and hangs down, but during sexual excitation it beeomes ereet 
(an ereetion), swollen, engorged with blood, firmer and straighter. These ehanges occur as a 
result of blood filling the ereetile tissue, permitting the penis to penetrate the vagina and deposit 
sperm (ejaculation) as elose to the site of fertilisation as possible. 

Usually, when the penile eompartments beeome filled with blood in response to a reaetion 
or an impulse that stimulates the parasympathetie nervous system arteriolar vasodilatation 
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ereetion takes plaee.The ereetion reflex ean be ineited by sight, touch, pressure, sounds, smells 
or visions of a sexual encounter. When ejaculation has occurred the arterioles vasoeonstriet and 
the penis beeomes flaeeid. 
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Fìgure 12.7 The anatomy of the penis. Source: Peate (2009). Reproduced with permission of 
John Wiley & Sons. 

Medieines management l 

Ereetile dysfunction 

Ereetile dysfunction occurs when a man eannot get or maintain a proper ereetion. There are a 
number of treatments for this eondition. One works by preventing the aetion of a ehemieal in the 
body ealled phosphodiesterase type 5. Viagra (sildenafìl) is one example; it improves the blood 
flow to the penis following sexual stimulation. Before taking sildenafil the preseriber needs to know 
if the person has: 

any dlsease, injury or deformity of the penis; 
any heart or blood vessel disease; 
a gastrie eondition that causes bleeding; 
an eye eondition causing loss of vision; 
hypotension or angina; 

• liver or kidney problems; 
had a stroke or a heart attaek; 
siekle-eell disease; 

ever had an allergie reaetion to sildenafìl or to any other medieine. 

Sildenafìl should be taken as preseribed: 

One tablet should be taken 1 h before the man plans to have sex. The medieation ean be taken 
before or after food. Sildenafìl should not be taken more frequently than onee a day. 

See British Soeiety for Sexual Medieine (2013). 
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Epídídymís 

The epididymis (plural epididymides) is an approximately 4 em long eomma-shaped duct. It lies 
on the posterior lateral aspeet of the testes. The organ is eomposed of a highly eoiled duct. 
This duct leads to a larger and more muscular tube ealled the vas deferens; the vas deferens 
enters the pelvie eavity. 

VVithin the epididymis the sperm are matured further, being prepared to beeome more 
motile so that they ean eventually fertilise the ovum. It takes approximately 14 days of full 
maturation for this to occur (Jenkins and Tortora, 2012). Sperm is stored in the epididymis 
and is released via peristaltie aetivity as the smooth muscle eontraets during sexual arousak 
moving the sperm along the epididymis into the vas deferens. Sperm stored in the epididymis 
ean remain there for several months; those sperm that are not ejaculated are eventually 
reabsorbed. 

The vas deferens, ejaculatory duct and spermatíe eord 

The vas deferens (plural vasa deferentia), or the ductus deferens, as it enters the pelvie eavity is 
less convoluted than the epididymis; the diameter is also larger, and the length of the vas 
deferens is approximately 45 em (Tortora and Derriekson, 2012). This tube eontains eiliated 
epithelium with a thiek muscle layer.The vas deferens runs from the anterior aspeet of the serotal 
sae as a pair of tubes via the inguinal eanal into the pelvie eavity. Between the serotal sae and the 
inguinal eanal is a tube that the vas deferens runs through; this tube eontains the blood vessels 
and nervesand isealled thespermatie eord (Golbert etal., 2012). 

The vas deferens then joins the seminal vesiele to beeome the ejaculatory duct. This duct then 
passes into the prostate gland, diseharging its fluid into the urethra. 

The prostate gland 

The function of the prostate gland is not well understood (Laws, 2006). The prostate is a single 
doughnut-shaped gland approximately the size of a walnut, measuring about 4cm. It goes 
around the urethra under the urinary bladder and is made of 20-30 glands enelosed in smooth 
muscle (Marieb, 2012). 

The prostate eonsists of three distinet zones: 

the eentral zone 
the peripheral zone 
the transition zone. 

Seeretions of the prostate gland eompose approximately one-third of the volume of the 
semen; the fluid helps sperm motility and to maintain viability. Prostatie fluid is slightly aeidie 
(pH 6.5). Prostatie seeretions enter the urethra via a number of ducts during ejaculation. 

The female reproductíve system 

The prímary genítalía 

As with the male reproductive organs, the female reproductive organs, along with the 
neuroendocrine system, manufacture hormones that are essential in biologieal development 
and sexual aetivities. The primary genitalia in the female are the ovaries, the seeondary 
genitalia are the fallopian tubes, uterus and vagina; the vulva is the external genitalia. There 
are aspeets of the female reproductive organs that are enelosed and integral to the function 
of the urinary system. 
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LeMone and Burke (2011) point out that the female reproductive system eonsists of the 
external genitalia: 

• mons pubis 

• labia 

• elitoris 

• vaginal and urethral openings 

• glands. 

The internal organs are: 


• vagina 

• cervix 

• uterus 

• fallopian tubes 

• ovaries. 

The breasts are also a part of the female reproductive organs. Llnlike in men, the urethra and 
urinary meatus are not part of the reproductive organs in women; nevertheless, they are very 
elose in proximity and, as such, health problems that may affeet one ean often affeet the other. 
Figure 12.8demonstratesthe loeation andfunction ofthefemale reproductive organs. 

The female reproductive system is designed to produce ova, reeeive the penis during inter- 
course and the sperm that has been ejaculated, store, eontain and nourish a foetus, and feed the 
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Fìgure 12.8 The female reproductive system. Source: Tortora and Derriekson (2009). Reproduced 
with permission of John Wiley & Sons. 
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nevvborn after birth vvith breast milk. Usually, eaeh month, a vvoman's body (during puberty to 
menopause) prepares itself to beeome pregnant. If pregnaney does not happen then a menstrual 
period occurs and the eyele reeommenees 

Medieines management 

eontraeeption 

The eombined oral eontraeeptive pill (the pill) eontains tvvo hormones: an oestrogen and a pro- 
gestogen. If taken eorreetly, it is a very effeetive form of eontraeeption. 

The pill alters the body's hormone balanee so the ovaries do not ovulate. It causes the mucus 
made by the cervix to thieken and form a mucous plug. This makes it difficult for sperm to get 
through to the uterus to fertilise an egg. The pill also makes the lining of the uterus thinner. 
This makes it less likely that a fertilised egg vvill be able to attaeh to the uterus. 
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The ovaríes 

The ovaries are paired glands; in the adult vvoman they are flat almond-shaped structures 
loeated one on eaeh side of the uterus beneath the ends of the fallopian tubes. These glands in 
the female are eompared to the testes in the male; the ovaries are internal organs. A eolleetion 
of ligaments holds them in position, attaehing the ovaries to the uterus. They are also attaehed 
to the broad ligament, and this ligament attaehes them to the pelvie vvall.The ovaries provide a 
spaee of storage for the female germ eells; they also produce the female hormones oestrogen 
and progesterone. A vvoman's total number of ova is present at her birth; vvhen a girl reaehes 
puberty she usually ovulates eaeh month. 

The ovary eontains a number of small structures ealled ovarian follieles. Eaeh folliele 
eontains an immature ovum, ealled an ooeyte. Monthly, follieles are stimulated by tvvo 
hormones, the follicle-stimulating hormone (FSH) and LH, vvhieh stimulate the follieles to 
mature.The developing follieles are enelosed in layers of folliele eells; the mature follieles are 
ealled the Graafian follieles. 

The ovarían cortex 

This region lies deep and elose to the tunica albuginea.The cortex eontains the ovarian follieles 
surrounded by dense irregular eonneetive tissue. These follieles eontain ooeytes in various 
stages of development as vvell as a number of eells that feed the developing ooeyte; as the 
folliele grovvs larger it seeretes oestrogen. 

Graafian follieles 

The Graafian follieles manufacture oestrogen; this stimulates the grovvth of endometrium. Every 
month in the vvoman vvho is menstruating, one or tvvo of the mature follieles (the Graafian 
follieles) release an ooeyte; this is ealled ovulation. The remnants of a large ruptured folliele 
beeome a nevv structure ealled the corpus luteum. 

Corpus luteum 

The corpus luteum produces tvvo hormones, oestrogen and progesterone, vvith the aim of 
supporting the endometrium until eoneeption takes plaee or the eyele starts again. The corpus 
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luteum gradually disintegrates and a sear is left on the outside of the ovary that is ealled the 
corpus albieans. 

The outer aspeet of the ovary is enveloped in a fibrous capsule that is known as the tunica 
albuginea; this is eomposed of cuboidal epithelium.The inner aspeet of the ovary is divided into 
parts. 

The ovarian medalla 

The ovarian medulla eontains blood vessels, nerves and lymphatie tissues surrounded by loose 
eonneetive tissue.There is an unclear border between the ovarian cortex and medulla. 

Figure 12.9 demonstrates the ovary during the development of ooeyte. 

Oogenesis 

The term oogenesis relates to the development of relatively undifferentiated germ eells ealled 
oogonia (singular oogonium). Oogonia are fixed in number - between 2- to 4-million diploid 
(2n) stem eells (Stanfield, 2011) before birth, during foetal development; whereas spermatogonia 
are continuously regenerated at puberty, this is not the ease with oogonia. All ova are ultimately 
derived from these elones. These oogonia develop into larger primary ooeytes; the meiotie 
phase is not eompleted until the girl reaehes puberty (see Figure 12.10). 

Every month after puberty until menopause the two hormones FSH and LH are released by 
the anterior aspeet of the pituitary gland and stimulate the primordial follieles. Usually only one 
will reaeh the maturity required for ovulation. 

The role ofthe female sex hormones 

Oestrogens, progesterone and androgens are produced by the ovaries in a repetitive pattern. 
Although oestrogens are seereted all the way through the menstrual eyele, they are at a higher 
level during this particular ovulation stage of the eyele. 
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Fìgure 12.9 (a-f) The developmental sequences assoeiated with maturation of an ovum. Source: 

Tortora and Derriekson (2009). Reproduced with permission of John Wiley & Sons. 


385 
















ehapter 12 


The reproductive systems 


386 



Zona pellucida 


Basement 

membrane 


Antrum 


Theea folliculi: 


Theea 


externa 

Theea 
interna 


Stromal 

eell 


Gollagen 

fibre 



Basement 

membrane 


Zona pellucida 


Antrum 
filled with 
follicular 
fluid 


Gorona 

radiata 



Theea folliculi 


Theea 
externa 

Theea 

interna 


Blood vessels 


Granulosa 

eells 



Gorona 
' i radiata 


^ Primary 
ooeyte 


Granulosa 

eells 


(e) Seeondary folliele 


(d) Mature (graafian) folliele 



Germinal 

epithelium 

Tunica albuginea 

Primordial folliele 


Ovarian cortex 


Primary folliele 
granulosa eells 

Theea folliculi 

Zona pellucida 
Primary ooeyte 

Seeondary folliele 
granulosa eells 

Seeondary folliele 


Corpus luteum 



Theea folliculi 


Antrum filled with 
follicular fluid 

Seeondary folliele 
granulosa eells 

Gorona radiata 
Zona pellucida 
Primary ooeyte 


(e) Ovarian cortex 


(f) Seeondary folliele 


Fìgure 12.9 (Continued) 


Oestrogens are essential for the development and maintenanee of seeondary sex eharaeteristies; 
and, vvorking in eombination vvith a number of other hormones, they stimulate the female 
reproductive organ to prepare for grovvth of a foetus (LeMone and Burke, 2011). Oestrogens have a 
key role to play in the usual structure of the skin and blood vessels.They also help to reduce the rate 
of bone resorption (bone breakdovvn), enhanee inereased high-density lipoproteins, deerease 
eholesterol levels and inerease blood elotting. 

The menstmal eyele 

The endometrium of the uterus responds to ehanges in oestrogen and progesterone during 
the ovarian eyele vvhen it prepares for the implantation of the fertilised embryo. The endo- 
metrium is reeeptive to implantation of the embryo for only a brief period every month, 
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Fìgure 12.10 Oogenesis. Soi/ree: Tortora and Derriekson (2009). Reproduced with permission of John 
Wiley &Sons. 





jieines management 


Atrophie vaginitis 

Many women notiee ehanges in their vagina and genital area after the menopause.These ehanges 
may include dryness (atrophie vaginitis) and diseomfort during sex. These ean often be improved 
with treatment.Treatment options include hormone replaeement therapy (HRT), oestrogen eream 
or pessaries and lubricating gels. 

HRT means taking oestrogen in the form of a tablet gel or patehes. This is often the best treat- 
ment for relieving symptoms. As with all medieations, there are advantages and disadvantages of 
using HRT. 

Sometimes a eream, pessary or vaginal tablet or ring eontaining oestrogen is preseribed. A pessary 
is inserted into the vagina using a small applieator. The ring is a soft flexible ring with a eentre 
eontaining oestrogen, releasing a steady, low dose of oestrogen, it lasts for 3 months. Oestrogen 
ereams and pessaries ean damage latex eondoms and diaphragms. 

If vaginal dryness is the only problem, or hormone ereams are not reeommended, lubricating gels 
may help.Three gels are available in the LIKthat replaee moisture: Replens®, Sylk® and Hyalofemme®. 
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eoineiding with the time when the embryo would normally reaeh the uterus from the uterine 
tube (usually 7 days). 

The menstrual eyele begins with the menstrual phase and lasts from days 1 to 5. The inner 
endometrial layer (also ealled thefunctionalis) separates, and this is then released as menstrual 
fluid lasting for 3-5 days. As the growing folliele begins to produce the hormone oestrogen 
(days 6 to 14), the next stage, the proliferative phase, then eommenees. As a result of this, the 
functionalis layer repairs and thiekens while at the same time spiral arteries multiply and 
tubular glands will form (LeMone and Burke, 2011). Gervieal mucus alters, beeoming a thin, 
erystalline substance, forming ehannels enabling the sperm to travel up into the uterus. 

The final phase, lasting from days 14 to 28, is the seeretory phase. As the corpus luteum 
produces progesterone, the rising levels aet on the endometrium, resulting in an inereased 
vascularity, ehanging the inner layer to seeretory mucosa, stimulating the seeretion of glyeo- 
gen into the uterine eavity, causing the eervieal mucus again to beeome thiek, bloeking the 
internal os (an os is a mouth or mouth-like opening). If fertilisation does not occur, hormone 
levels will fall. Spasm of the spiral arteries causes hypoxia (laek of oxygen) of the endometrial 
eells, which begin to degenerate and then slough off. As with the ovarian eyele, the proeess 
begins again with the sloughing of the functionalis layer. Figure 12.11 demonstrates the 
ovarian and uterine eyeles. 
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Fìgure 12.11 The ovarian and uterine eyeles.Soi/reeiTortora and Derriekson (2009). Reproduced with 
permission of John Wiley & Sons. 
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eiiníeal eonsideratíons ~ 

Insertion of íntraoterine eontraeeptíve devíee 

An intrauterine deviee (IUD) is a small T-shaped plastie and eopper deviee that is inserted into the 
uterus by a speeially trained nurse or a doetor. The IUD vvorks by preventing the sperm and egg 
from surviving in the uterus or fallopian tubes; it ean also prevent a fertilised egg from implanting 
in the uterus. 

There are different types of IUD; some eontain more eopper than others. Those IUDs vvith more 
eopper are more than 99% effeetive. Gopper ehanges the make-up of the fluids in the uterus and 
fallopian tubes. IUDs vvith less eopper vvill be less effeetive. There are types and sizes of IUD to suit 
different vvomen; they ean be inserted at the GP surgery, loeal eontraeeption elinie or sexual health 
elinie. An IUD ean be inserted at any time, though it may be easier vvhen the vvoman is menstruating, 
as the cervix is slightly open at that time. 

A metal or plastie speculum is gently inserted into the vagina in order to see the cervix.The cervix 
is vviped vvith a speeial eleanser. Next a small 'sound'is inserted to measure the length of the uterus. 
The IUD is then inserted using a very small stravv.The IUD has a string attaehed to one end.The nurse 
or doetor vvill trim the IUD string that is eoming through the cervix into the vagina.The string allovvs 
the vvoman to eheekthat the IUD is in plaee (see Figure 12.12). 



Vagina 


Threads from 
IUD ean be 
felt at top of 
vagina 


Fìgure 12.12 An IUD deviee in situ. 


The ínternal organs 

The internal organs of the female reproductive system are the vagina and cervix, uterus, fallopian 
tubes and ovaries.The ovaries (discussed earlier) are the primary reproductive organs in vvomen, 
as vvell as producing female sex hormones. The vagina, uterus and fallopian tubes aet as an 
aeeessory ehannel for the ovaries and the grovving foetus. 
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Fìgure 12.13 The uterus and assoeiated structures. Source: Nair and Peate (2009). Reproduced with 
permission of John Wiley & Sons. 


The uterus 

This hollow organ is also known as the womb. It is a very muscular organ lying in the pelvie 
eavity posterior and superior to the urinary bladder; it lies anterior to the rectum (Figure 12.13 
outlines the uterus and assoeiated structures). 

The uterus is approximately 7.5 em long.There are three prineipal parts assoeiated with the uterus: 

the fundus, a thiek muscular region situated above the fallopian tubes; 

the body, the main portion of the uterus, joined to the cervix by an isthmus; 

the cervìx, the narrowest part of the uterus opening out into the vagina. 

As well as having three aspeets or parts, the uterus also has three layers.The perimetrium is the 
outer serous layer, merging with the peritoneum. The middle layer is the myometrium and eom- 
prises most of the uterine wall.There are a number of muscle fibres in this layer running in a number 
of various direetions; this arrangement allows eontraetions to occur during menstruation or 
ehildbirth and an inerease in size as the foetus grows.The endometrium, the outermost layer, lines 
the uterus, and this layer is shed during menstruation.The three layers are summarised in Table 12.1. 

The fallopian tubes 

The paired fallopian tubes (also ealled the salpinges) are delieate, thin eylindrieal structures 
approximately 8-14 em long (Marieb, 2012).They are affixed to the uterus at one end and are 
supported by the broad ligaments.The lateral ends of the fallopian tubes are open and made of 
projeetions ealled fimbriae that drape over the ovary. The fimbriae piek up the ovum after it is 
diseharged from the ovary. 

The fallopian tubes are eomposed of smooth muscle and are lined with eiliated, mucus- 
producing epithelial eells. The aetions of the eilia and eontraetions of the smooth muscle 
transport the ovum along the tubes onwards to the uterus. It is in the outer portion of the 
fallopian tube where the fertilisation of the ovum by the sperm usually occurs. 

The term adnex is used eolleetively when discussing the fallopian tubes, ovaries and supporting 
tissues. 
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Table 12.1 The layers of the uterus 


Layer 

eomments 

Perimetriym 

A serous membrane enveloping the uterus; this is the outer layer. It provides support to the uterus 
loeated vvithin the pelvis. This may also be knovvn as the parietal peritoneum. 

Myometrium 

This layer is the middle layer and is eomposed of smooth muscle. During pregnaney and ehildbirth the 
uterus is required to streteh. and the muscular layer allovvs this to happen.The muscle vvill eontraet 
during labour, and postnatally this muscular layer eontraets forcefully to foree out the plaeenta. 

The eontraetions also help to eontrol potential blood loss after birth. 

Endometrium 

The endometrium is the mucous membrane lining the inside of the uterus.The endometrium 
ehanges throughout the menstrual eyele. It beeomes thiek and rieh vvith blood vessels to prepare for 
pregnaney. If the vvoman does not beeome pregnant then, part of the endometrium is shed, resulting 
in menstrual bleeding. 


Source: Adapted from McGuinness (2013) and Waugh and Grant (2014). 


Snapshot 

Eetopie pregnaney 

Aliee Snnethwick has undergone laparoseopie surgery for eetopie pregnaney - a right salpingee- 
tomy. Aliee is at home 2 days post-procedure and experiencing abdominal diseomfort; she is also 
eomplaining of neek and shoulder pain. She makes an appointment to see the praetiee nurse. 

The praetiee nurse explains to Aliee that the gas (earbon dioxide) that was pumped into her 
abdominal eavity to allow the surgeon to identify the fallopian tubes has caused the abdominal 
diseomfort. The neek and shoulder pain experienced by some people is also related to the 
laparoseopy and the earbon dioxide gas.The gas irritates the diaphragm and the phrenie nerve. It is 
explained to Aliee that this pain will go away as the gas is absorbed. She is also told that lying down 
ean also help deerease the pain. 

See National lnstitute of Health and Care Excellence (2012). 


The vagina 

The vagina is a tubular, fibromuscular structure approximately 8-10 em in length (Jenkins and 
Tortora, 2012). It is the reeeptaele for the penis during sexual intercourse, it is an organ of sexual 
response and is the eanal that allows the menstrual flow to leave the body and the passage for 
the birth of the ehild. The vagina is situated posterior to the urinary bladder and urethra; it is 
anterior to the rectum.The upper element eontains the uterine cervix in an area that is known as 
the fornix. The vaginal walls are made of membranous folds of tissue ealled the rugae. These 
membranes are made up of mucus-secreting stratified squamous epithelial eells. 

Usually,the wallsofthe vagina are moist and havea pH rangingfrom 3.8to4.2.This pH inhibits 
the growth of baeteria (it is baeteriostatie) and is maintained by the aetion of the hormone 
oestrogen and healthy vaginal mieroorganisms (the normal vaginal flora). Oestrogen causes the 
growth of vaginal mucosal eells, making them thieken and develop and inerease glyeogen 
eontent.The glyeogen is fermented to laetie aeid by laetobaeilli (organisms that produce laetie 
aeid) that usually live in the vagina, causing slight aeidifying of the vaginal fluid (LeMone and 
Burke, 2011). 
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The cervix 

Into the vagina projeets the cervix, and this forms a pathvvay betvveen the uterus and the vagina. 
The uterine opening of the cervix is knovvn as the internal os, and the vaginal opening ealled the 
external os. The spaee betvveen these openings, the endoeervieal eanal, aets as a conduit for 
the diseharge of menstrual fluid, the opening for sperm and delivery of the infant during birth. 
The cervix is a rigid structure, proteeted by mucus that alters eonsisteney and quantity for the 
duration of the menstrual eyele and during pregnaney. 

The external genítalìa 

Golleetively, the external genitalia are knovvn as the vulva. They include the mons pubis, the 
labia, the elitoris, the vaginal and urethral openings, and glands (LeMone and Burke, 2011). 

The mons pubis is a pad of elevated adipose tissue eovered vvith skin. It lies anteriorly 
to the symphysis pubis, cushioning it. After puberty, the mons is eovered vvith eoarse pubic 
hair. 

The labia are divided into tvvo structures.The labia majora arefolds of skin and an abundance 
of adipose tissue eovered vvith pubic hair; these are outermost. They begin at the base of 
the mons pubis and terminate at the anus. The labia minora, situated betvveen the elitoris and 
the base of the vagina, are enelosed by the labia majora. They are made of skin, adipose tissue 
and some ereetile tissues vvith a number of sebaceous glands.They are usually light pinkand are 
devoid of pubic hair. 

The elitoris is eomposed of tvvo small ereetile bodies, the eorposa eavernosa and several 
nerves and blood vessels.The glans elitoris is the exposed portion ofthe elitoris and is likened to 
the glans penis in the male.This aspeet of the external genitalia is eapable of enlargement; it has 
a role to play in sexual excitement in the vvoman. 



Genital píereíng 

Patient X has arrived at the sexual health elinie eomplaining of diseharge 'dovvn belovv'. The nurse 
takes a history from the lady and is informed that 5 days ago she had her elitoral hood piereed and 
yesterday she vvas feeling very vvarm, generally unvvell, nauseous and she has notieed a diseharge 
from the vulval area and her undervvear is stained. The nurse examines the patient and observes a 
yellovv diseharge, redness and svvelling in the vulval area. 

It is likely that this patient has a baeterial infeetion as a result of the piereing; she may also be 
having an allergie reaetion to the metal that has been used. 

Other eomplieations assoeiated vvith genital piereings ean include haemorrhage, nerve 
damage and thiek searring at the piereing site.There is also the risk of eontraeting HIV, hepatitis 
B and C, sexually transmitted infeetions or other infeetions. These risks ean be minimised vvith 
the use of a nevv, sterile needle as vvell using a reputable piereer. Llsing proper jevvellery made 
out of metals such as surgical stainless steel or titanium ean reduce the risk of infeetion and 
allergie reaetion. 

Persons vvith piereings should take eare vvhen using eondoms - do not use the teeth to open the 
paeket and avoid damaging the eondom vvith nails, jevvellery or piereings. 

See British Assoeiation for Sexual Health and HIV (2012). 
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The breasts 

The breasts are dome-shaped protrusions that differ in size betvveen individuals; they are also 
sometimes ealled the mammary glands.They are external aeeessory sexual organs in the female. 
There are several milk-producing glands loeated vvithin the breast. A hormone ealled prolaetin 
eontrols the production of milk. 

The breasts are loeated betvveen the third and seventh ribs on the anterior aspeet ehest vvall. 
The breasts are supported by the peetoral muscles and are provided vvith a rieh supply of 
nerves, blood vessels and lymph (see Figure 12.14). A pigmented area knovvn as the areola is 
situated a little belovv the eentre of eaeh breast and eontains glands that seerete sebum - a 
thiek substance eomposed of fat and eell debris (sebaceous glands), - and a nipple.The nipple 
is usually protruding, beeoming ereet in response to eold and stimulation. 

The breasts are made of adipose (fat) tissue, fibrous eonneetive tissue and glandular tissue. 
There are bands of fibrous tissue that support the breast and extend from the outer breast tissue 
to the nipple, dividing the breast into 15 to 25 lobes.The lobes are eomprised of alveolar glands 
joined by ducts that open out on to the nipple. 
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Adipose tissue 
in subcutaneous 
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Fìgure 12.14 The breast. Soi/rce:Tortora and Derriekson (2009). Reproduced vvith permission of John 
Wiley &Sons. 
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Conclusíon 

The male and female reproductive systems are complex. All living things reproduce; fundamen- 
tally, organisms make more organisms akin to themselves. Without these reproductive systems 
human life would end; these systems are essential for life. These systems have a number of 
functions; for example, the function of reproduction, producing and transporting sex eells. 
In the human reproductive proeess, two types of sex eells, or gametes, are required. The male 
gamete, or sperm, and the female gamete, the egg or ovum, meet in the female's reproductive 
system to begin the ereation of a new individual. Anatomieal and physiologieal proeesses 
are required to ensure this marvel works effeetively. 

Sexual reproduction, the proeess of producing offspring for the survival of the speeies and 
passing on hereditary traits from one generation to the next is the key function of the male and 
female reproductive systems. The male and female reproductive systems contribute to the 
events leading to fertilisation. The female organs take on responsibility for the developing 
human, birth and nourishment. The systems also provide pleasure, sexual pleasure and sexual 
excitement; for a number of people this is an important aspeet of their being. 



Adrenal cortex The outer portion of an adrenal gland. 

Androgens Maseolinising male sex hormones produced by the testes in the male and the adrenal 
cortex in both sexes. 

Anteríor Near to the front. 

Antìemetíe Anti-siekness medieation. 

Broad lìgament Adoublefold of parietal peritoneum attaehing the uterustothesideofthe pelvie 
eavity. 

Canal A ehannel or passageway, a narrow tube. 

eonneetìve tíssue The most prominent type of tissue in the body; this tissue provides support. 

Corpus albìeans A whitish fibrous pateh in the ovary formed after the corpus luteum regresses. 

Corpus luteum A yellowish body found in the ovary when a folliele has diseharged its seeondary 
ooeyte. 

Endometrìum The mucous membrane lining the uterus. 

Foetus The developing organism in utero. 

Fìmbríae Finger-like structures found at the end of the fallopian tubes. 

Follìele A seeretory sae or eavity eontaining a group of eells that eontains a developing ooeyte in the 
o va ry. 

Follìcle-stímulatíng hormone Seereted by the anterior pituitary gland; initiates the development 
of an ovum. 

Gamete A male or female sex eell. 

Glans penis The enlarged region at the end of the penis. 
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Gonad A gland that produces hormones and gametes - in men the testes, in females the ovaries. 
Gonadotrophìe hormone Anterior pituitary hormone affeeting the gonads. 

Haploìd Having half the number of ehromosomes. 

Hormone A seeretion of endoerine eells that alters the physiologieal aetivity of target eells. 

Human ehoríoníe gonadotrophìn A hormone produced by the developing plaeenta. 

Inguínal eanal Passage in the lovver abdominal vvall in the male. 

Inhìbìn A hormone seereted by the gonads inhibiting the release of FSH by the anterior 
pituitary. 

In utero VVithin the uterus. 

Isthmus A narrovv strip of tissue or a narrovv passage eonneeting to bigger parts. 

Lateral Farthest from the midline of the body. 

Leydìg eell A type of eell that seeretes testosterone. 

Lìgament Dense regular eonneetive tissue. 

Luteìnísìng hormone A hormone seereted by the anterior pituitary stimulates ovulation and 
prepares glands in the breast to produce milk. Stimulates testosterone seeretion in the testes. 

Meatos A passage or opening. 

Meìosís A kind of eell division occurring during the production of gametes. 

Menopause The termination of the menstrual eyeles. 

Myometrìum The smooth muscle layer of the uterus. 

Oestrogens Feminising sex hormones produced by the ovaries. 

Orchídopexy Surgery to move an undescended testiele into the scrotum and permanently fix it 
there. 

Ooeyte An immature egg eell. 

Oogenesís Formation and development of the female gametes. 

Ovarían eyele The ovarian eyele is a series of events in the ovaries that occur during and after the 
maturation of the ooeyte. 

Ovarían follìele A general name for immature ooeytes. 

Ovary The female gonad. 

Ovulatìon The rupture of a mature Graafian folliele vvith diseharge of a seeondary ooeyte after 
penetration by sperm. 

Ovum The female egg eell. 

Penis The organ of urination and copulation. 

PH A measure of aeidity and alkalinity. 

Phagoeytosís The proeess by vvhieh phagoeytes ingest and destroy mierobes, eell debris and other 
foreign matter. 

Plaeenta An organ attaehed to the lining of the uterus during pregnaney. 
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Progesterone A female sex hormone produced by the ovaries. 

Prolaetìn A hormone seereted by the anterior pituitary that initiates and maintains milk 
production. 

Rete The netvvork of ducts in the testes. 

Scrotum The skin-eovered pouch eontaining the testes. 

Semen Fluid diseharged by ejaculation. 

Spermatogenesìs The maturation of spermatids into sperm. 

Testes The male gonads. 

Testosterone Male sex hormone. 

llrethra The tube from the urinary bladder to the exterior of the body that eonveys urine in females 
and urine and semen in males. 

Uterus Hollovv muscular organ in the female, also ealled the vvomb. 

Vagína A muscular tubular organ in the female leading from the uterus to the vestibule. 

Vas deferens The main seeretory duct of the testiele, through vvhieh semen is earried from the 
epididymis to the prostatie urethra, vvhere it ends as the ejaculatory duct. 

Vulva The female external genitalia. 
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Further readíng 

Famíly Planníng Assoeíatíon 

http://www.fpa.org.uk 

The Fannily Planning Assoeiation is a sexual health eharity, providing straightforward information, adviee 
and support on sexual health, sex and relationships. 


Prostate Ganeer UK 

http://prostatecanceruk.org 

Prostate Ganeer UK aims to help men survive prostate eaneer and enjoy a better quality of life. They offer 
support to men and provide information, fund researeh, raise awareness and improve eare. 
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Endometriosís UK 

http://www.endometriosis-uk.org 

A eharity dedieated to providing information on endometriosis and support for those affeeted by 
endometriosis. 


Aetìvìtìes 

Moltiple ehoiee questions 

1. The eell that is ereated by fertilisation is: 

(a) the ooeyte 

(b) the zygote 
(e) thesperm 

(d) the semen 

2. The sperm are stored and mature in: 

(a) the epididymis 

(b) the ova 

(e) the testes 

(d) the vas deferens 

3. The primary males sex hormone is: 

(a) testosterone 

(b) oestrogen 

(e) progesterone 

(d) all of the above 

4. The gland that releases a small amount of fluid prior to ejaculation is: 

(a) the ejaeolatory duct 

(b) the prostate gland 

(e) Cowper's gland 

(d) the bulbourethral gland 
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5. The seminiferous tubules produce: 

(a) semen 

(b) inhibin 

(e) follicle-stimulating hormone 

(d) none of the above 

6 . The hormones that stimulate the grovvth of the mammary glands and the initial steps of the 
milk-seereting proeess are: 

(a) testosterone and progesterone 

(b) oestrogen and testosterone 

(e) oestrogen and progesterone 

(d) oestrogen and inhibin 

7. VVithin the primary follieles, vvhen do the primary ooeytes develop? 

(a) as the vvoman reaehes puberty 

(b) this varies 

(e) as the vvoman reaehes the menopause 

(d) before the birth of the vvoman 

8 . If pregnaney does not occur, vvhat happens to the corpus luteum? 

(a) it degenerates 

(b) it causes eetopie pregnaney 

(e) it remains and develops into a new seeondary ooeyte 

(d) it causes infeetion 

9. Endometriosis ean be defined as: 

(a) eaneer 

(b) a sexually transmitted infeetion 

(e) a type ofallergy 

(d) tissue from the endometrium found outside of the uterus 

10. Hovvdoestheeontraeeptive pill eontaining estrogen and progesterone prevent pregnaney? 

(a) it causes the endometrium to hypertrophy 

(b) it suppressesfollicle-stimulating hormone and luteinising hormone, preventing ovulation 

(e) it liquefies the semen 

(d) it causes a deerease in the amount of testosterone the vvoman produces 


True or false 


1. Oxytocin eombines vvith enzymes in semen to enhanee sperm motility. 

2. Ereetile dysfunction and premature ejaculation are one and the same eondition. 

3. Ovarian follieles eontain mature ova. 

4. Ovulation occurs tovvards the eessation of the ovarian eyele. 

5. The primary function of the uterus is to reeeive, retain and nourish a fertilised egg. 

6. Vaginismus is a sexually transmitted infeetion. 

7. The endometrium is the delieate mucosal lining of the uterus. 

8 . The most important risk faetor for the development of testicular eaneer is diet. 

9. The extension of the eremaster muscle causes the penis to beeome ereet. 

10. The hormone testosterone is only deteeted in males. 
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Label the diagram 1 

Label the diagram using the follovving list of vvords: 

Sagittal plane, Sacrum, Seminal vesiele, Vesieoreetal pouch, Coccyx, Rectum, Ampulla of ductus 
(vas) deferens, Ejaculatory duct Prostatie urethra, l\/lembranous urethra, Anus, Bulb of penis, 
Epididymis, Testis, Scrotum, Peritoneum, Llrinary bladder, Ductus (vas) deferens, Suspensory 
ligament of penis, Public symphysis, Prostate, Deep muscles of perineum, Bulbourethral 
(Govvper's) gland, Gorpora cavernosum penis, Spongy (penile) urethra, Penis, Corpus spongiosum 
penis, Corona, Glans penis, Prepuce (foreskin), External urethral orifìee 



Label the diagram 2 

Label the diagram using the follovving list of vvords: 

Sagittal plane, Sacrum, Llterosaeral ligament Posterior fornix of vagina, Rectouterine pouch 
(pouch of Douglas), Vesicouterine pouch, Coccyx, Rectum, Vagina, Anus, Llterine (fallopian) 
tube, Fimbriae, Ovary, Llterus, Round ligament of uterus, Cervix, Llrinary bladder, Pubic symphysis, 
Mons pubis, eiitoris, Llrethra, Labium majus, External urethral orifìee, Labium minus 
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Aeini, Bartholins, Bulbourethral, Cowpers, Gremaster, Fallopian, Fimbriae, Folliele, Frenulum, 
Gonads, Menstroation, Oestrogen, Sperm, Spermatogenesis,Testosterone, Vesieles, Vestibule, Vulva 
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Fill in the blanks 1 

Menstryation, or_, is normal_bleeding that occurs as part of a vvoman's 

_eyele. Every month, the vvoman's body_for_. If no pregnaney 

occurs, the_, (also knovvn as the_),_its lining. The menstrual 

blood is partly_and partly_from _the uterus. It passes 

_of the body through the_. 

vaginal, monthly, pregnaney, lining, tissue, prepares, period, blood, vvomb, inside, sheds, uterus, 
inside, outside 

Fill in the blanks 2 

Menopause is a_of life in vvomen that_the end of their_ 

period. It_the end of_. This means that the_of the vvomen 

_producing an_every four_and there is no_ 

period. Beyond_a vvoman vvill no_be able to have_. 

phase, signifìes, reproductive, signifìes, menstruation, ovaries, stop, egg, vveeks, monthly, meno- 
pause, ehildren, longer 

Find out more 

1. What does the surgical procedure circumcision entail? 

2. Discuss the various methods of eontraeeption. 

3. What adviee should be given to a man vvho is eonsidering using Viagra for the first time? 

4. What is the role and function of the nurse in respeet to proteeting vulnerable people? 

5. Hovv ean the nurse ensure that the information provided to various communities is 
appropriate and informative? 

6. Outlinethe barriers that may be encountered vvhen conducting an assessment of a person's 
sexual health. 

7. Hovv may the nurse reduce the impaet of the barriers identified above? 

8. Deseribe the ehanges that ean occur in the normal ageing proeess in relation to the female 
reproductive system. 

9. List the issues a man may have to faee post-prostateetomy. 

10. Discuss the serviees and support systems available to young mums in the area vvhere you 
live. 


Gondltlons 

Thefollovving is a list of eonditions that are assoeiated vvith the reproductive systems.Take some 
time and vvrite notes about eaeh of the eonditions. You may make the notes taken from text 
books or other resources (e.g. people you vvork vvith in a elinieal area), or you may make the 
notes as a result of people you have eared for. If you are making notes about people you have 
eared for you must ensure that you adhere to the rules of eonfidentiality. 
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Prostatitis 


Gervieitis 


Literine eaneer 


Endometriosis 


Premature ejaculation 





The nervous system 

Louise MeErlean and Janet G Migliozzi 


Test your prior knovvledge 

Which other system does the nervous system vvork elosely vvith? 

• List the structures of the eentral nervous system. 

Hovv many pairs of eranial nerves are there? 

Name the tvvo divisions of the autonomic nervous system. 
Differentiate betvveen sensory information and motor information. 


Learning outcomes 

After reading this ehapter you vvill be able to: 

Deseribe the structures of the nervous system 
Deseribe some of the functions of eaeh of these structures 
Deseribe conduction of nerve impulses 
• List the functions of the neuroglial eells 
Identify the function of different areas of the brain 
Llnderstand the structure and function of the spinal eord 
Differentiate betvveen the sympathetie and parasympathetie nervous systems 


Fundamentals ofAnatomy and Physiology: For Nursing and Heaitheare Students, Seeond Edition, Edited by lan Peate and Moralitharan Nair. 
© 2017 John VViley & Sons, Ltd, Poblished 2017 by John VViley & Sons, Ltd, 

Stodent eompanion vvebsite: vvvvvv.vvileyfundamentalseries.com/anatomy 
lnstructor eompanion vvebsite: vvvvvv,vviley.com/go/instructor/anatomy 
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Brain 


Spinal 

eord 

Nerve 


lntroductìon 

The nervous system is a major communicating and eontrol system vvithin the body. It vvorks vvith 
the endoerine system to eontrol many body functions.The nervous system provides a rapid and 
short-aeting response, and the endoerine system provides a slovver but often more sustained 
response.The tvvo systems vvorktogether to maintain homeostasis. 

The nervous system interaets vvith all of the systems of the body. This system is large and 
complex. In order to faeilitate understanding of the nervous system it has to be divided into 
smaller functional and anatomieal parts. This ehapter outlines the divisions of the nervous 
system; it discusses the structure and function of the nervous system and hovv it influences 
other structures of the body. Having such an important role in maintaining homeostasis, the 
nervous system possesses additional proteetion, and that too vvill be investigated. 

Organìsatìon of the nervous system 

The nervous system ean be divided into tvvo parts: the eentral nervous system and the peripheral 
nervous system. The eentral nervous system eonsists of the brain and spinal eord and is the 
eontrol and integration eentre for many body functions. 

The peripheral nervous system earries sensory information to the eentral nervous system and 
motor information out of the eentral nervous system. The direetion of information flovv to and 
from the nervous system is important and is shovvn in Figure 13.1. 
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GENTRAL NERVOUS SYSTEM 

Brain and spinal eord 



Peripheral nervous system 

Sensory (afferent) impolses 



Peripheral nervous system 

Motor (efferent) impulses 



Aatonomie nervoas 


Somatie nervoas system 

system (involuntary) 


(voluntary eontrol) 



Sympathetie division 


Parasympathetie division 


405 


Fìgure 13.1 Organisation of the nervous system. 


Sensory dìvìsìon of the perìpheral nervous 
system 

Sensory information (stimuli) is gathered from both inside and outside of the body. This sen- 
sory input is delivered to the eentral nervous system via the peripheral nerves. Sensory nerve 
fibres are also ealled afferent fibres. Sensory information alvvays travels from the peripheral 
nervous system tovvards the eentral nervous system.There are many different kinds of sensory 
information, including pain, pressure, temperature, ehemieal levels and more. Gonsider the 
maintenanee of body temperature. As vvarm-blooded animals, it is important that body tem- 
perature is maintained betvveen 36.5 and 37.5 °C. Temperature reeeptors in the skin ealled 
thermoreeeptors deteet ehanges in temperature, and as temperature ehanges have the 
potential to cause damage to eells and tissues, this information must be relayed to the eentral 
nervous system and, if required, aeted upon. 

eentral nervous system 

The eentral nervous system eonsists of the brain and spinal eord. The eentral nervous system 
proeesses and integrates sensory information.The reeeived information has to be interpreted, it 
ean be stored to be dealt vvith later or it ean be aeted upon immediately vvith one or more motor 
responses. For example, the sensation of temperature ehange vvould be reeeived and interpreted 
by the hypothalamus (a structure of the eentral nervous system) and an appropriate aetion 
vvould be initiated. 
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Motor dìvìsìon of the perípheral nervous 
system 

The motor division of the peripheral nervous system alvvays earries impulses avvay from the 
eentral nervous system, usually to effeetor organs. Motor nerve fibres are also ealled efferent 
fibres. There are tvvo types of motor information. Motor information to the somatie nervous 
system or to the autonomic nervous system. 
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Somatìe nervous system 

The somatie nervous system is under voluntary eontrol, and the effeetor (tissue or organ 
responding to instruction from the eentral nervous system) is skeletal (voluntary) muscle. 

The eentral nervous system's response to sensory information may be to aetivate the somatie 
nervous system, elieiting a voluntary response involving skeletal muscle movement. So, from 
the example of temperature, if an inerease in temperature is deteeted, then it might require the 
removal of a eoat or the opening of a vvindovv - this is the motor response that involves the 
somatie nervous system. It is a voluntary aetivity that the person ehooses to do. 


Autonomíc nervous system 

The eentral nervous system's response to sensory information may be to aetivate the autonomic 
nervous system. This vvould lead to an involuntary aetion. The autonomic nervous system is 
responsible for involuntary motor responses. The effeetor may be smooth or eardiae muscle 
(both involuntary muscles) or a gland. 

In the example of inereased temperature, the involuntary response is to lose heat through the 
skin - so vvarm blood is direeted to the skin vvhen peripheral blood vessels vasodilate. 
Vasodilatation is an example of an involuntary autonomic nervous system response. The indi- 
vidual eannot eontrol this response. 

The autonomic nervous system is further divided into the sympathetie (fight or flight) and 
the parasympathetie (rest and digest) divisions. The autonomic nervous system vvill be dis- 
cussed later in the ehapter. A fine balanee betvveen both of these divisions is required for the 
maintenanee of homeostasis. 


Neurones 

The functional unit of the nervous system is the neurone or nerve eell. It has many features 
in eommon vvith other eells, including a nucleus and mitoehondria, but because of its vital role 
it is vvell proteeted and has some speeialist modifieations. Tvvo speeialist eharaeteristies of 
neurones are: 

• ìrrìtabìlìty, in response to a stimulus - the ability to initiate a nerve impulse; 

• conductìvìty - the ability to conduct an impulse. 

Neurones eonsist of an axon, dendrites and a eell body. Their function is to transmit nerve 
impulses. Nerve impulses only travel in one direetion: from the reeeptive area - the dendrites - 
to the eell body, and dovvn the length of the axon (see Figure 13.2). 

Axons bundled together are ealled nerves. Neurones rely on a eonstant supply of oxy- 
gen and glucose. Onee the neurones of the brain and spinal eord have matured after birth 
they vvill not be replaeed or regenerate if they beeome damaged. Peripheral neurones ean 
regenerate if the eell body is not damaged and the alignment of the neurone is not 
disrupted. 
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Fìgure 13.2 Motor neurone. 5oi/rce: Tortora and Derriekson (2009). Reproduced with permission of 
John Wiley & Sons. 

Dendrítes 

Dendrites are short branehing proeesses that reeeive information and conduct it toward the eell 
body. Their branehing proeesses provide a large surface area for this function. In sensory neu- 
rones the dendrites may form the part of the sensory reeeptors, and in motor neurones they ean 
form part of the synapse between one neurone and the next. 
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Cell body 

Most of the neurone eell bodies are loeated inside the eentral nervous system and form the grey 
matter. When clusters of eell bodies are grouped together in the eentral nervous system they are 
ealled nuclei. Cell bodies loeated in the peripheral nervous system are ealled ganglia. 

Axons 

Eaeh neurone hasonly oneaxon that conducts information avvayfrom theeell body.Theaxon ean 
braneh to form an axon eollateral (see Figure 13.2).The axon vvill also braneh at its terminal into 
many axon terminals.The axon delivers the impulse to another neurone or a gland or a muscle. 

The axon length ean vary quite signifieantly from very short to lOOem long (Marieb and 
Hoehn, 2013). 

Myelìn sheath 

Peripheral nerve axons and long or large axons are eovered in a myelin sheath. Myelin is a fatty 
material vvhose purpose is to proteet the neurone and to eleetrieally insulate it speeding up 
impulse transmission. Within the peripheral nervous system Sehvvann eells vvrapped in layers 
around the neuroneform the myelin sheath.The outermost part of the Sehvvann eell is its plasma 
membrane, and this is ealled the neurilemma. There is a regular gap (about 1 mm) betvveen 
adjaeent Sehvvann eells. The gaps are ealled the nodes of Ranvier. Collateral axons ean occur at 
the node (see Figure 13.2). Some nerve fibres are unmyelinated, and this makes nerve impulse 
transmission signifieantly slovver. 

eiinieal eonsiderations i 

Myltiple selerosis 

Multiple selerosis is a disease vvhere areas of demyelination of the vvhite matter (myelinated fìbres 
form vvhite matter) ean occur. Areas of demyelination are ealled plaques. Multiple selerosis affeets 
the 20-40 years age range and is most frequently seen in temperate elimates.The cause is unknovvn 
but it is suspected that there may be a genetie link; viral infeetion has also been implieated. 
Neuronal damage caused by the demyelination leads to: 

• skeletal muscle vveakness, often progressing to paralysis 

• visual disturbances 

• uncoordinated movements 

• burning or tingling sensations. 

Multiple selerosis ean be a ehronie disease eharaeterised by periods of remission or the disease ean 
progress rapidly, leading to death. 


Sensory (afferent) nerves 

The dendrites of sensory neurones are often sensory reeeptors, and vvhen they are stimulated 
the impulse generated travels tovvards the spinal eord and brain. There are different types of 
sensory reeeptors: 

speeial senses (as discussed in ehapter 14); 

somatie sensory reeeptors, loeated in the skin, such as touch, temperature and pain; 
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• autonomic nervous system reeeptors, loeated throughout the body, such as baroreeeptors 
monitoring blood pressure, ehemoreeeptors monitoring blood pH and viseeral pain 
reeeptors; 

• proprioeeptors, monitoring muscle movement, streteh and pain. 

Motor (efferent) nerves 

Information from the eentral nervous system is delivered to the peripheral nervous system 
via the motor nerves. Information transmitted through a voluntary somatie nerve may result 
in skeletal muscle eontraetion or the information may be autonomic in nature, not under 
voluntary eontrol, and may lead to smooth muscle eontraetion or the release of the products 
of a gland. 

The aetion potentíal 

The nervous system is a vast communicating netvvork sending information from the internal 
and external environment to the eentral nervous system and from the eentral nervous system to 
the muscles and glands. The vvay that the functional unit the neurone, aehieves this is by the 
generation and conduction of impulses or aetion potentials. 

Generation of the aetion potential occurs due to the movement of ions into and out of the 
neurone and the eleetrieal eharge assoeiated vvith this movement. 

Tvvo prineipal ions are involved: 

• sodium - normally found outside of the eell (prineipal extracellular eation); 

• potassium - normally found inside the eell (prineipal intracellular eation). 

Simple propagation of nerve impulses 

When there is no impulse being transmitted the eell is in its resting state - the nerve eell 
membrane is said to be polarìsed. When stimulated by an impulse, the eell membrane ehanges 
its permeabilityandtheextracellularsodium ionsmoveintotheeell-thisisealleddepolarisation. 
The movement of these ions ehanges the eleetrieal eharge on either side of the eell membrane 
from more positive extracellularly to more negative extracellularly as the impulse travels 
the length of the axon. This aetivity ereates the aetion potential. This proeess happens in a 
vvave along the length of the neurone from the aetive part of the neurone to the resting part of 
the neurone, alvvays in one direetion. At the same time, potassium ions move out of the neurone 
into the extracellular spaee, returning the eleetrieal eharge assoeiated vvith the polarised neu- 
rone baek to more positive outside the eell and more negative inside. This is the repolarising 
phase. The sodium-potassium pump is aetivated to return sodium to the extracellular spaee in 
exchange for potassium (see Figure 13.3). 

Saltatory conduction 

Saltatory conduction occurs in myelinated neurones as the eleetrieal eharge assoeiated vvith the 
nerve impulse jumps betvveen one node of Ranvier and the next. This occurs much faster than 
simple propagation. Conduction is also faster vvhen the neurone has a larger diameter. 

The refraetory period 

When the aetion potential is stimulated, the neurone eannot aeeept another impulse or generate 
another aetion potential no matter hovv strong the impulse is. This is knovvn as the refraetory 
period. 
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elose and K^ehannels open. The 
membrane starts to beeome 
repolarised as some K+ ions leave 
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Fìgure 13.3 Aetion potential. Soi/ree: Tortora and Derriekson (2009). Reproduced with permission of 
John Wiley & Sons. 
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Neurotransmìtters 

Neurones do not eome into eontaet with one another. Where one neurone ends and another 
begins, there is a spaee ealled the synapse. In order for communication to occur between 
neurones or between the neurone and a muscle or gland, a ehemieal messenger ealled a 
neurotransmìtter is seereted by the neurone into the extracellular spaee at the synapse.Those 
effeetor eells or neurones in elose proximity to the neurotransmitter will either be stimulated or 
inhibited by the neurotransmitter, depending upon which neurotransmitter is seereted. 
The aetion of the neurotransmitter is short-lived, and any neurotransmitter not used is absorbed 
by the neurone to be reeyeled and used again or deaetivated by enzymes. 

Some examples of neurotransmitters are: 

aeetyleholine, released within the eentral nervous system and also at the neuromuscular 
junction; 

norepinephrine, released within the eentral nervous system and also at autonomic nervous 
system synapses; 

dopamine, released within the eentral nervous system and also at autonomic nervous system 
synapses. 

Snapshot 

An eleetroeneephalogram (EEG) reeords brain aetivity. It is particularly useful for diagnosing eondi- 
tions such as epilepsy, dementia and eneephalopathy. 

Eleetrodes are plaeed on the head and attaehed toan EEG maehine.Theeleetrieal aetivity gener- 
ated by nerve impulses is then measured. During the EEG, the patient may be asked to breathe 
deeply or blink several times. There are different types of EEG used to aseertain triggers that may 
lead to seizure aetivity, and these include sleep EEG, sleep-deprived EEG, ambulatory EEG and 
strobe lighting EEG. 

The test ean usually be earried out in an outpatient department (apart from sleep EEG), and the 
outcome could lead to a treatment plan being implemented or altered. 


Neuroglìa 

Neuroglia (see Figure 13.4) are eells that support neurones. They are more numerous than 
neurones. Within the eentral nervous system the neuroglial eells account for more than half of 
the weight of the brain (Marieb and Hoehn, 2013). Neuroglia ean multiply in order to support 
the neurones. Because of this, nervous system tumours often originate from neuroglia. 

Within the peripheral nervous system, two types of neuroglia have been identified: 

1. Schwann eells, responsible for forming the myelin sheath; 

2 . satellite eells, whose function is not known. 

Within the eentral nervous system; four type of neuroglial eell have been identified: 

1. Astroeytes are star-shaped eells which occur in large quantities between neurones and blood 
vessels, supporting and anehoring them to eaeh other. They help form the blood-braìn 
barrìer, which gives the neurones an extra layer of proteetion from any toxic substances 
within the blood. 
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Fìgure 13.4 Neuroglia. 5oi/rce: Tortora and Derriekson (2009). Reproduced with permission of John 
Wiley &Sons. 


2. Mieroglia lie elose to neurones and ean move eloser if they need to fulfil their function as 
nervous system maerophages.They phagoeytose pathogens or eell debris. 

3. Oligodendroeytes are found elose to myelinated neurones. They help to form and maintain 
the myelin sheath. 

4. Ependymal eells are often eiliated and are found lining eavities, such as the spinal eord or the 
ventrieles of the brain.Their role is to circulate eerebrospinal fluid (CSF) (Waugh and Grant 2014). 


The menínges 

Nervous tissue is easily damaged by pressure and therefore needs to be proteeted.The hair, skin 
and bone offer an outer layer of proteetion. Adjaeent to the nervous tissue are the meninges 
(see Figure 13.5). The meninges eover the delieate nervous tissue, providing further proteetion. 
They also proteet the blood vessels that serve nervous tissue and they eontain CSF. 
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Fìgure 13.5 The meninges. Soi/ree: Tortora and Derriekson (2009). Reproduced with permission of 
John Wiley & Sons. 


The meninges eonsist of three eonneetive tissue layers: 

Dura mater - this layer lies elosest to the bone of the skull and is a double layer of tough, 
fibrous, eonneetive tissue. The outer layer is ealled the periosteal layer (the spinal eord laeks 
this layer), and the meningeal layer lies elosest to the brain. 

Araehnoìd mater - between the dura mater and the araehnoid mater there is a spaee ealled 
the subdural spaee.The araehnoid mater is a delieate serous membrane (Seeley etaL, 2013).The 
subarachnoid spaee is below the araehnoid mater and above the pia mater. The subarachnoid 
spaee eontains CSF and is also home to some of the larger blood vessels serving the brain. 

Pìa mater - this is a delieate eonneetive tissue layer that elings tightly to the brain. It eontains 
many tiny blood vessels that serve the brain. 

eiinieal eonsiderations 

Meningitis 

Meningitis is inflammation of the meninges caused by either baeteria or viruses. It ean be diagnosed 
through symptoms that include photophobia, headaehe, nausea and vomiting and also by a proee- 
dure ealled a lumbar puncture. In lumbar puncture a small amount of CSF is removed and examined in 
the laboratory for the presenee of mierobes. A laek of prompt treatment ean have fatal consequences. 


eerebrospìnal fluíd 

eSF is produced by the ehoroíd plexus in the ventrieles of the brain (see Figure 13.6).There is 
approKÌmately 150 mL of CSF circulating around the brain, in the ventrieles and around the 
spinal eord. The CSF is replaeed every 8 h (Marieb and Hoehn, 2013). It is a thin fluid similar to 
plasma and has several important functions: 

it aets as a cushion, supporting the weight of the brain and proteeting it from damage; 

• it helps to maintain a uniform pressure around the brain and spinal eord; 

• there is a limited exchange of nutrients and waste products between neurones and CSF. 
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Fìgure 13.6 The ventrieles (right lateral view of the brain). Source: Tortora and Derriekson (2009). 
Reproduced with permission of John Wiley & Sons. 

There are four ventrieles in the brain: the paired lateral ventrieles, one in eaeh eerebral 
hemisphere; the third ventriele, situated below this; and the fourth ventriele, loeated inferior to 
the third.The third and fourth ventrieles communicate via the eentral eanal and CSF circulates 
through the eentral eanal and into the spinal eord. 

Any additional pressure applied to the brain caused by swelling (eerebral oedema), tumour or 
haemorrhage (through trauma) ean lead to a reduced volume of CSF being produced. 

Snapshot i 

Lumbar puncture is often used to diagnose eonditions such as meningitis and multiple selerosis. 

A sample of CSF is removed and sent for laboratory analysis. The sample is taken by inserting a 
needle between the third and fourth lumbar vertebrae and the CSF is removed from the subarach- 
noid spaee.This procedure is usually earried out under loeal anaesthetie. 

The eSF circulates around the brain and spinal eord.The pressure exerted by the CSF is known as 
intraeranial pressure (ICP). Normal ICP is 8-20 emH^O. If the ICP is raised this could be for a variety 
of reasons, including eerebral oedema in the brain as might be seen in head injury, head trauma or 
meningitis. It could also be raised because of the additional white eells, protein or myelin within the 
eSF, as in multiple selerosis. 

The eSF should be colourless. Cloudy CSF may indieate the presenee of infeetion. CSF is usually 
watery in viseosity. If it is more viscous then this could indieate the presenee of infeetion ortumour. 
Laboratory analysis will give a more accurate interpretation than a visual inspeetion. 

Laboratory analysis will show the amount of glucose protein and immunoglobulins,for example, 
present in CSF. The white eells ean be analysed, and the presenee of baeteria and viruses is also 
investigated. 

There are side effeets assoeiated with lumbar puncture, and these include baek pain from the 
site of the puncture and headaehe.The headaehe is often relieved by lying down. 
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Fígure 13.7 Girele of VVillis. Soi/ree: Tortora and Derriekson (2009). Reproduced with permission of 
John VViley &Sons. 
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The braín 

The brain lies in the eranial eavity and weighs between 1450 and 1600 g (Marieb and Hoehn, 
2013). It reeeives 15% of the eardiae output and has a system of autoregulatìon ensuring the 
blood supply is eonstant despite positional ehanges. The arrangement of the arteries serving 
the brain is unique, and they are eonneeted to eaeh other by a structure ealled the eirele ofVVillis 
(see Figure 13.7).This arrangement ensures that blood pressure remains equal in both halves of 
the brain. Should one of the arteries serving the brain beeome narrowed by arterial disease or 
thrombus then there will be an alternative route available, maintaining the essential supply of 
oxygen and glucose required by the brain. 

The brain ean be divided into four anatomieal regions. Eaeh region eontains one or more 
structures (see Figure 13.8): 

cerebrum 

• eerebral hemispheres 

• dieneephalon 

• thalamus 

• hypothalamus 

• epithalamus 

• brainstem 

• midbrain 

• pons 

• medulla oblongata 

• reticular formation 

• cerebellum. 

Cerebrum 

This is the largest brain structure. It is divided into the left and right hemispheres by the longì- 
tudìnal eerebral fìssure. Eaeh hemisphere ean be divided into lobes - oeeipital, frontal, parietal 
and temporal.The outer layer of the cerebrum is ealled the eerebral cortex and is made of grey 
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Fìgure 13.8 The structures of the brain. Source: Tortora and Derriekson (2009). Reproduced with 
permission of John Wiley & Sons. 


matter (nerve eell bodies). The layers below this are white matter (nerve fibres). The eerebral 
cortex is responsible for our conscious mind and eonsists of interneurones (the neurones that lie 
between sensory and motor neurones).The eerebral cortex ean be divided into functional areas, 
which were mapped by K Brodmann in 1906 (see Figure 13.9). The eireled numbers on the 
diagram represent important areas on Brodmann's map. Whilefunctional and structural areas of 
the brain have been identified, it is important to remember that the areas do not function inde- 
pendently from one another, and damage to one structure may have consequences for another. 
The first of the functional areas is the motor area and it is subdivided as follows: 

• the primary motor area - responsible for eontraetion of skeletal muscles; 

• the premotor area - involved in fine skeletal muscle movement ereating the manual dexterity 
assoeiated with repetitive or learned motor movement (e.g. tying a shoelaee, learning to paint); 

• Broea's area - responsible for the motor movement required to produce speeeh; 

• the frontal eye field area - eontrols voluntary movement of the eyes. 

The seeond functional area is the sensory area, responsible for awareness of sensation. It ean 
be divided as follows: 

• the primary somatosensory area - reeeives sensory information from the skin and also from 
proprioeeptors in skeletal muscles; 

• the somatosensory assoeiation area - integrates the sensory information being relayed to the 
primary somatosensory area and provides information about size, texture, previous experience; 

• the visual areas - the primary visual area reeeives information from the eye and the visual 
assoeiation area helps to eonneet this information with past visual experiences; 
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Fìgure 13.9 Right eerebral hemisphere. Source: Tortora and Derriekson (2009). Reproduced with 
permission of John Wiley & Sons. 


the auditory areas - assoeiated with the interpretation of sounds; 

the olfaetory area - interprets smell information reeeived from the nose via the olfaetory 
nerves; 

the gustatory area - interprets taste information. 

There are many other assoeiation areas within the cerebrum that aet as communication areas 
between different functional regions in the cerebrum, such as Wernicke's area, which is responsible 
for understanding written and spoken language and is elosely assoeiated with Broea's speeeh area. 

Díeneephalon 

This part of the brain is surrounded by the cerebrum and eontains three paired structures: 

• Thalamus - aets as a relay station for sensory impulses going to the eerebral cortex for 
integration and motor impulses entering and leaving the eerebral hemispheres. It also has a 
role in memory. 

• Hypothalamus - is elosely assoeiated with the pituitary gland and produces two hormones: 
antidiuretic hormone (ADH) and oxytocin.The hypothalamus has many functions and these 
include: 

o eontrol of body temperature 
o eontrol of the autonomic nervous system 
o eontrol of fluid balanee and thirst 
o eontrol of appetite 

o assoeiated with the limbie system dealing with emotional reaetions 
o eontrol of sexual behaviours. 

• Epithalamus - this structure is linked to the pineal gland, which seeretes the hormone 
melatonin responsible for sleep-wake eyeles. 
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Braìnstem 

The structures that form the brainstem are involved in many aetivities that are essential for life. 
The brainstem is assoeiated with the eranial nerves. 

Midbrain - conduction pathway that eonneets the cerebrum with the lower brain structures 
and spinal eord. 

Pons - also a conduction pathway communicating with the cerebellum.The pons works with 
the medulla oblongata to eontrol depth and rate of respiration. 

Medulla oblongata - relay station for sensory nerves going to the cerebrum. The medulla 
eontains autonomic eentres such as the eardiae eentre, the respiratory eentre, the vasomotor 
eentre and the coughing, sneezing and vomiting eentre. The medulla is also the site of 
decussation of the pyramidal traets - this means that the right side of the body is eontrolled 
by the left eerebral hemisphere and viee versa. 
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eiinieal eonsiderations 

Concussion 

Concussion is a minor head injury and is defìned as a brief period of unconsciousness. It is also 
termed mild traumatic brain injury (VanMeter and Hubert 2014). Signs and symptoms include 
nausea, headaehes, dizziness, impaired eoneentration, amnesia (memory loss), extreme tiredness, 
and intoleranee to light and noise.The symptoms usually only last for 24 h. 


Cerebellum 

The cerebellum eoordinates voluntary muscle movement balanee and posture. It ensures that 
muscle movements are smooth, eoordinated and preeise. 

The lìmbíe system and the retícular formatíon 

The limbie system and the reticular formation are more functional than anatomieal systems 
as they eonsist of networks of neurones that ean be loeated elose to many anatomieal 
structures. 

The limbie system is loeated elose to the cerebrum and the dieneephalon. It is known as the 
emotional brain and is responsible for the interpretation of faeial expression, helping identify 
fear and danger. 

The reticular formation is a functional system loeated in the eore of the brainstem and eonsists 
of a eolleetion of neurones that have several functions: 

eontains reticular aetivating system that is responsible for alertness; 

• filters or bloeks repetitive stimuli, such as background noise; 

• regulates skeletal muscle aetivity; 

eoordinates viseeral aetivity eontrolled by the autonomic nervous system. 

The brain is a well-protected eontrol and integration eentre that reeeives information from the 
peripheral sensory nervous system and sends motor information to the peripheral nervous 
system through a eomprehensive network of pathways via the spinal eord. 
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Medieines management 

Mídazolam 

Midazolam is a medieation known as a benzodiazepine. Benzodiazepines aet on eentral nervous 
system reeeptors and produce a sedative effeet. Midazolam is thought to produce amnesia and is 
therefore useful in procedures that require the patient to be awake and eooperative despite the 
unpleasant nature of the procedure, such as endoseopy (Galbraith etal., 2007).The intention is that 
the patient will not rememberthe procedure. 

Midazolam is a short-aeting benzodiazepine and has a half-life of 2-3 h (Galbraith etal, 2007). It is 
available for administration via a variety of routes, including intravenous and intramuscular routes. 
Midazolam has a number of side effeets, and these include 

respiratory failure 

respiratory depression 

hypotension 

anaphylaxis 

convulsions 

dry mouth 

eonstipation 

nausea 

euphoria 

hiccups 

headaehe. 

As benzodiazepines are addietive their use has been abused. An antagonist ealled flumazenil is 
available to reverse the effeets of the medieation. 

Benzodiazepines should be preseribed with caution. 



jieines management 


Phenytoin 

John is 34years old and suffers from seizures following his reeovery from a head injury. He has 
been preseribed phenytoin sodium 100 mg orally three times a day for this. This medieine works 
during the aetion potential. It promotes the removal of sodium during the refraetory period, thus 
reducing the hyperexcitability of neurones that ean lead to seizure (Galbraith etal., 2007). John has 
been advised to avoid aleohol and to maintain good oral hygiene praetiees, as this medieine has a 
known side effeet of gingival hyperplasia (gum overgrowth). 


The perípheral nervous system 

The peripheral nervous system includes all the tissues that lie outside of the eentral nervous system: 

• eranial nerves 

• spinal nerves 

• spinal eord 

• autonomic nervous system. 
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The peripheral nervous system is subdivided into the efferent or motor system and the afferent or 
sensory system.The somatie sensory system serves the skeletal muscles, joints, tendons and the skin 
and includes the senses of vision, hearing, smell and taste (Logenbaker, 2013).The internal organs of 
the body are supplied by the viseeral sensory system. Both the somatie and viseeral sensory systems 
take information from peripheral sensory reeeptors tovvards the eentral nervous system. 

Gommands from the eentral nervous system to the skeletal muscles are earried by the somatie 
motor system. The autonomic motor system predominantly regulates the aetivity of smooth 
and eardiae muscles and glands (Logenbaker, 2013). 
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eranìal nerves 

The human body eontains 12 pairs of eranial nerves that emerge from the brain and supply 
various structures, most of vvhieh are assoeiated vvith the head and neek. Figure 13.10 provides 
an overvievv of the loeation and function of the eranial nerves. 

The 12 pairs of eranial nerves differ in their functions: some are sensory nerves (i.e. eontain 
sensory fibres), some are motor nerves (i.e. eontain only motor fibres) and some are mìxed 
nerves (i.e. eontain both sensory and motor nerves). 

Table 13.1 providesasummaryofthecranial nerves, theirdifferentcomponentsandfunction. 


The spínal eord 

The average adult spinal eord (see Figure 13.11) is betvveen 42 and 45 em long and extendsfrom the 
medulla oblongata (lovver part of the brain) to the upper part of the seeond lumbar vertebra. 
The spinal eord is enelosed vvithin the vertebral eanal, vvhieh forms a proteetive ring of bone around 
the eord. Other proteetive eoverings include the spinal meninges, vvhieh are three layers of eonnee- 
tive tissue eoverings that extend around the spinal eord.The spinal meninges eonsist of 

the pìa mater - the innermost layer; 

• the araehnoìd mater - the middle layer; 

• the dura mater - the outermost layer, vvhieh eonsists of a dense, irregular eonneetive tissue. 

The spinal eord eonsists of a eentral eanal and grey and vvhite matter.The eentral eanal and the 
spinal meninges eontain GSF.The grey matter eonsists mostly of eell bodies and their dendrites, 
and the vvhiter areas eonsist of the axons of neurones, vvhieh earry signals up and dovvn the eord 
via aseending and deseending traets.These traets eross as they enter and exit the brain, and this 
explains vvhy the right side of the brain eontrols the left side of the body and the left side of the 
brain eontrols the right side of the body. 

The spinal eord is divided into the right and left halves by the deep anterìor medìan fìssure 
and the shallovv posterìor medìan sulcus (Tortora and Derriekson, 2012). 

Functíons of the spinal eord 

The spinal eord provides a means of communication betvveen the brain and the peripheral 
nervesthat leavethespinal eord (Logenbaker, 2013) and has tvvo majorfunctions in maintaining 
homeostasis (Tortora and Derriekson, 2012): 

• The traets of the vvhite matter of the spinal eord earry sensory impulses to the brain and motor 
impulses from the brain to the skeletal muscles and other effeetor muscles. 

• The grey matter of the spinal eord is a site for integration of reflexes, vvhieh is a rapid, 
involuntary aetion in relation to a particular stimulus. 
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Neek 

muscle 


Balanee 


Internal organs 


larynx 


Fìgure 13.10 Functions of eranial nerves. 

Spínal nerves 

There are 31 pairs of spinal nerves attaehed to the spinal eord vvithin the human body, vvhieh are 
named and numbered aeeording to the region and level of the vertebral column from vvhieh 
they emerge (Figure 13.12). 

Eaeh nerve innervates a group of muscles (myotome) and an area of skin (dermatome), and 
most also innervate some of the thoraeie and abdominal organs (Figure 13.13). 

The spinal nerves provide the paths of communication betvveen the spinal eord and speeifie 
regions of the body as they eonneet the eentral nervous system to sensory reeeptors, muscles 
and glands in all the parts of the body. A typieal spinal nerve (Figure 13.14) has tvvo eonneetions 
to the spinal eord - a posterior root and an anterior root vvhieh unite to form a spinal nerve at 
the ìntervertebral foramen. A spinal nerve is an example of a mixed nerve as it eontains both 
sensory (posterior root) and motor (anterior root) nerves. 
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Table 13.1 The eranial nerves 


Number 

Name 

eomponents 

Locatìon/functìon 

1 

Olfaetory 

Sensory 

Olfaetory reeeptors for sense of smell 

II 

Optie 

Sensory 

Retina (sight) 

III 

Oculomotor 

Motor 

Eye muscles (including eyelids and lens, pupil) 

IV 

Troehlear 

Motor 

Eye muscles 

V 

Trigeminal 

Sensory and 
motor 

Teeth, eyes, skin, tongue for sensation of 
touch, pain and temperature 

VI 

Abducens 

Motor 

Jaw muscles (chewing) 




Eye muscles 

VII 

Faeial 

Sensory and 

Taste buds 



motor 

Faeial muscles, tear and salivary glands 

VIII 

Vestibulocochlear 

Sensory 

Inner ear (hearing and balanee) 

IX 

Glossopharyngeal 

Sensory and 
motor 

Pharyngeal muscles (swallowing) 

X 

Vagus 

Sensory and 
motor 

Internal organs 

XI 

Spinal aeeessory 

Motor 

Neek and baek muscles 

XII 

Hypoglossal 

Motor 

Tongue muscles 


SPINAL eORD: 
Grey matter 
VVhite matter 


Spinal nerve 


Denticulate 

ligament 


Subarachnoid 

spaee 


Subdural 

spaee 



Posterior 
median sulcus 

Gentral eanal 

Anterior 
median fissure 

SPINAL 

MENINGES: 


Pia mater 
(inner) 


Araehnoid 

mater 

(middle) 


Dura mater 
(outer) 


Fìgure 13.11 The spinal eord. Source: Tortora and Derriekson (2009). Reproduced vvith permission of 
John Wiley & Sons. 
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GERVIGAL PLEXUS (C1-C5) 
Lesser oeeipital nerve 
Great auricular 
Ansa eerviealis 
Transverse eervieal nerve 
Supraclavicular nerve 
Phrenie nerve 


BRACHIAL PLEXUS (C5-T1) 


Musculocutaneous nerve 


Axillary nerve 
Median nerve 
Radial nerve 


Ulnar nerve 


intereostal 
(thoraeie) nerves 


Subcostal nerve 
(intereostal nerve 12) 


Femoral nerve 
Obturator nerve 


Posterior cutaneous 
nerve of thigh 

Pudendal nerve 



Medulla oblongata 


LUMBAR PLEXUS (L1-L4) 

lliohypogastrie nerve 

llioinguinal nerve 

Genitofemoral nerve 

Lateral femoral 
cutaneous nerve 


SAGRAL PLEXUS (L4-S4) 

Superior gluteal nerve 
Inferior gluteal nerve 

Seiatie nerve: 

Gommon fibular 
nerve 

Tibial nerve 


Atlas (first eervieal vertebra) 


GERVIGAL NERVES (8 pairs) 
Gervieal enlargement 


First thoraeie vertebra 


THORAGie NERVES (12 pairs) 


423 


Lumbar enlargement 


First lumbar vertebra 
Conus medullaris 


LUMBAR NERVES (5 pairs) 
Cauda equina 


llium of hip bone 


Sacrum 


SACRAL NERVES (5 pairs) 


eoeeVGEAL NERVES (1 pair) 


Posterior view of entire spinal eord and portions of spinal nerves 

Fìgure 13.12 The spinal eord and spinal nerves. Soi/ree: Tortora and Derriekson (2009). Reproduced 
with permission of John Wiley & Sons. 
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eervieal nerves 

. Head and neek 

Diaphragm 

. Deltoids, bieeps 

. VVrist extenders 
. Trieeps 
. Hand 

Thoraeie nerves 


Ghest muscles 


Abdominal 

muscles 

Lumbar nerves 

Leg muscles 

Saeral nerves 

. Bowel, bladder 

Sexual function 


Fìgure 13.13 The spinal nerves and their areas of innervations. 


eiinieal eonsiderations ~ 

Acute spinal eord eompressíon 

Acute spinal eord eompression is a neurological emergeney that requires rapid diagnosis and treatment 
if permanent loss of function is to be avoided. Gommon causes of spinal eord eompression include: 

• trauma (ear aeeidents, sports injury and falls); 

• tumours, both benign and malignant; 

• a prolapsed intervertebral dise (L4-L5 and L5-S1 are the most eommon levels of dise prolapse); 

• an epidural or subdural haemorrhage; 

• inflammatory disease (e.g. rheumatoid arthritis); 

• infeetion. 

Signs and symptoms include sensory loss, paraesthesia, disturbance of gait loss of povver or 
paralysis. 
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SENSORY NEURONE 



(axon conducts impulses from reeeptor 
to integrating eentre) 


SENSORY REOEPTOR 
(responds to a stimulus 
by producing a generator 
or reeeptor potential) 


lnterneurone 




O 



INTEGRATING OENTRE 
(one or more regions within the CNS 
that relay impulses from sensory to 
motor neurones) 



MOTOR NEURONE 
(axon conducts impulses from 
integrating eentre to effeetor) 


e EFFEGTOR 

(muscle or gland that 
responds to motor 
nerve impulses) 
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Fìgure 13.14 A typieal spinal nerve (CNS: eentral nervous system). Soi/ree: Tortora and Derriekson (2009). 
Reproduced with permission of John Wiley & Sons. 



Paraeetamol 

Paraeetamol (aeetaminophen) is a eommon over-the-counter medieation used to treat mild to 
moderate pain and is also effeetive as a fever reducer. The exact meehanism of aetion of is not 
known; however, it is thought that the analgesie meehanism of paraeetamol involves the 
metabolites of paraeetamol, which aet on reeeptors in the spinal eord and are thought to 
suppress the signal transduction from the superfìcial layers of the dorsal horn to alleviate pain 
(Toussaint et al., 2010). 

In relation to itsfever-reducing properties, it has been proposed that the main meehanism of aetion 
is the inhibition of the enzyme cyclooxygenase (COX), and reeent fìndings suggest that it is highly 
seleetive for COX-2. The COX family of enzymes is responsible for the metabolism of compounds that 
encourage inflammatory responses. Paraeetamol is thought to reduce the oxidised form of the COX 
enzyme, preventing it from forming pro-inflammatory ehemieals. This leads to a reduced amount of 
prostaglandins S, thus lowering the hypothalamie set-point in the thermoregulatory eentre. 

Paraeetamol is used to treat many eonditions, such as headaehe, muscle aehes, arthritis, baek- 
aehe, toothaehe, eolds and fevers. 

Overdosage of paraeetamol is particularly dangerous as it may cause liver damage, which may 
not be apparent for 4-6 days after ingestion. Treatment includes infusing aeetyleysteine, which 
proteets the liver. However, it is most effeetive if given within 8 h of ingestion, after which effeetive- 
ness deelines. 
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eiinieal eonsiderations 

Panie attaek 

A panie attaek is a rush of intense psyehologieal and physieal symptoms.These symptoms of panie 
ean be frightening and happen suddenly, often for no elear reason. 

Panie attaeks usually last betvveen 5 and 20 min, and the individual may experience unpleasant 
psyehologieal and physieal symptoms; hovvever, these are usually short-lived and vvill not cause 
harm (NHS Ghoiees, 2015). Psyehologieal symptoms ean include an overvvhelming sense of fear 
and a sense of unreality, as if the individual is detaehed from the vvorld around them. Physieal 
symptoms of panie ean include svveating, trembling, shortness of breath, a ehoking sensation, 
ehest pain, a feeling of nausea and palpitations. 

The physieal symptoms of a panie attaek are caused by the body's sympathetie response to 
something that the individual pereeives as a threat and causes the release of hormones, such as 
adrenaline, resulting in an inereased heart rate and muscle tension. 

Sufferers of panie attaeks ean be helped to manage their eondition through learning breathing 
and relaxation techniques and avoiding substances such as eaffeine, nieotine and aleohol (NHS 
ehoiees, 2015). 


The autonomíc nervous system 

The autonomic nervous system plays a major role in the maintenanee of homeostasis by 
regulating the body's automatic, involuntary functions. In eommon vvith the rest of the nervous 
system, it eonsists of neurones, neuroglìa and other eonneetive tissue. Hovvever, its structure is 
uniquejn that it is divided into tvvo: namely, the sympathetìe dìvìsìon and the parasympathetìe 
dìvìsìon. These tvvo divisions have several eommon features (Logenbaker, 2013): 

they innervate all internal organs; 

they utilise tvvo motor neurones and one ganglion to transmit an aetion potential; 
they function automatically and usually in an involuntary manner. 

Sympathetìe dívìsìon (fíght or flìght) 

The sympathetie division (see Figure 13.15) includes nerve fibres that arise from the 12 thoraeie 
and first tvvo lumbar segments of the spine; henee, it is also referred to as the thoracìcolumbar 
division. The sympathetie division takes eontrol of many internal organs vvhen a stressful 
situation occurs. This ean take the form of physieal stress if undertaking strenuous exercise or 
emotional stress at times of anger or anxiety. In emergeney situations, the sympathetie nervous 
system releases norepìnephrìne, vvhieh assists in theTight or flighf response (Migliozzi, 2013). 

Parasympathetíe dívísíon (rest and digest) 

The parasympathetie division includes fibres that arise from the lovver end of the spinal 
eord and several eranial nerves; henee, it is often referred to as the eranìosaeral division. 
The parasympathetie division is most aetive vvhen the body is at rest; it utilises aeetyleholíne 
to eontrol all the internal responses assoeiated vvith a state of relaxation (Figure 13.16) and, 
therefore, has many opposite effeets on the body to the sympathetie nervous system 
(Migliozzi, 2013). 

Table 13.2 provides a summary of the physiologieal effeets of the sympathetie and parasym- 
pathetie divisions of the nervous system. 
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Fìgure 13.15 Sympathetie nervous system. Soi/ree: Tortora and Derriekson (2009). Reproduced with 
permission of John Wiley & Sons. 
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Fígure 13.16 Parasympathetie nervous system. Source: Tortora and Derriekson (2009). Reproduced 
with permission of John Wiley & Sons. 
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Table 13.2 Effeets of the parasympathetie and sympathetie divisions of the autonomic nervous 
system 


Organ/system 

Sympathetìe effeets 

Parasympathetíe effeets 

Cell 

metabolism 

inereases metabolie rate, stimulates fat 
breakdown and inereases blood sugar levels 

No effeet 

Blood vessels 

Gonstriets blood vessels in viseera and skin 



Dilates blood vessels in the heart and 
skeletal muscle 

No effeet 

Eye 

Dilates pupils 

Gonstriets pupils 

Heart 

inereases rate and foree of eontraetion 

Deereases rate 

Lungs 

Dilates bronehioles 

Gonstriets bronehioles 

Kidneys 

Deereases urine output 

No effeet 

Liver 

Causes the release of glucose 

No effeet 

Digestive 

system 

Deereases peristalsis and eonstriets 
digestive system sphineters 

inereases peristalsis and dilates 
digestive system sphineters 

Adrenal 

medulla 

Stimulates eells to seerete epinephrine and 
norepinephrine 

No effeet 

Laerimal 

glands 

Inhibitsthe production oftears 

inereases the production of tears 

Salivary glands 

Inhibitsthe production of saliva 

inereasesthe production of saliva 

Sweat glands 

Stimulates to produce perspiration 

No effeet 




jieines management 


earbamazepine 

Garbamazepine is an anticonvulsant primarily used in the treatment of epileptie seizures. 
Garbamazepine works by bloeking the sodium ehannels of nerve eells in the brain and so reduces 
the inereased excitability and fìring aetivity of neurones that occur during an epileptie seizure. 

Antiepileptie hypersensitivity syndrome has been assoeiated with some antiepileptie drugs 
and usually starts between 1 and 8 weeks after eommeneing treatment, and signs and symp- 
toms include fever, rash, lymphadenopathy liver and haematologieal dysfunction. If signs of 
hypersensitivity syndrome occur, the drug should be withdrawn immediately (Joint Formulary 
Gommittee, 2014). 

Patients with epilepsy may drive a ear but not larger vehieles (e.g. passenger-earrying vehieles or 
lorries). Gaidanee from the Driverand Vehiele Lieensìng Ageney: However, patients are advised not to 
drive during medieation ehanges or withdrawal of antiepileptie drugs, and for 6 months after- 
wards. Similarly, patients who have had a fìrst or single epileptie seizure must not drivefor 6 months 
(Joint Formulary Gommittee, 2014). 
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Conclusíon 

In conclusion, the human nervous system is a highly organised netvvorkof eells and structures 
that include the brain and eranial nerves and the spinal eord and spinal nerves, vvhieh play a 
major role in maintaining homeostasis. The nervous system responds to external and internal 
stimuli through three basie functions: the sensory, integrative and motor functions, vvhieh 
generate responses and ereate ehanges in bodily functions as required. Gonditions affeeting the 
nervous system ean have a devastating effeet on the quality of life and the functions essential for 
survival. 

^GIossary 

Aetìon potentìal Conduction along a nerve or muscle eell membrane caused by a large, transient 
depolarisation. 

Antìdìuretíc hormone (ADH) Hormone that aets on the kidneys to reabsorb more vvater, thus 
reducing urine output. 

Afferent fìbres Carry nerve impulses tovvards the eentral nervous system. 

Araehnoíd mater Middle layer of the meninges. 

Astroeyte Neuroglial eell that helps the blood-brain barrier. 

Autonomíc nervous system lnvoluntary motor division of the motor nervous system. 

Axon Proeess of a neurone that earries impulses avvay from the eell body. 

Braínstem Collective name given to the pons, medulla and midbrain. 

Gatíon An ion vvith a positive eharge. 

Gentral nervous system Brain and spinal eord. 

Cerebellum Anatomieal region of the brain responsible for eoordinated and smooth skeletal 
muscle movements. 

eerebral hemíspheres Division of the cerebrum. 

eerebrospìnal fluìd Fluid that surrounds the eentral nervous system. 

Cerebrum Large anatomieal region of the brain vvhieh is divided into the eerebral hemispheres. 
eìrele ofWìllìs Part of arterial blood supply tothe brain. 

eraníal nerves Tvvelve pairs of nerves that leave the brain and supply sensory and motor neurones 
to the head, neek, part of the trunkand the viseera of the thorax and abdomen. 

Dendrìte Part of neurone that transmits impulses tovvards the eell body 

Díeneephalon Anatomieal region of the brain eonsisting of the thalamus, hypothalamus and 
epithalamus. 

Dura mater Tough outer layer of the meninges. 

Effeetor Muscle, gland or organ stimulated by the nervous system. 

Efferent fìbres Carry nerve impulses avvay from the eentral nervous system. 

Ependymal eells Neuroglial eells that line the eavities of the eentral nervous system. 
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Epìnephrìne Hormone produced by the adrenal medulla that is also a neurotransmitter. 
Epìthalamus Part of the brain that forms the dieneephalon. 

Ganglìa A group of neuronal eell bodies lying outside the eentral nervous system. 

Hypothalamus Part of the dieneephalon with many functions. 

Lìmbìe system Part of the brain involved in emotional responses. 

Lobe A elear anatomieal division or boundary within a structure. 

Medolla oblongata Part of the brainstem. 

Menínges Three layers of tissue that eover and proteet the eentral nervous system (dura, araehnoid 
and pia maters). 

Mìdbraín Part of the brainstem that links the brainstem to the dieneephalon. 

Mìeroglìa Neuroglia that has the ability to phagoeytose material. 

Motor area Area loeated in the eerebral cortex that eontrols voluntary motor function. 

Motor nerves Neurones that conduct impulses to effeetors which may be either muscle or glands. 

Myelìn sheath Fatty insulating layer that surrounds nerve fibres responsible for speeding up 
impulse conduction. 

Neuroglìa Cells of the nervous system that proteet and support the functional unit - the 
neurone. 

Neuromuscular junctìon Region where skeletal muscle eomes into eontaet with a neurone. 

Neurone Functional unit of the nervous system responsible for generating and conducting nerve 
impulses. 

Nucleì Cluster of eell bodies within the eentral nervous system. 

Olìgodendroeytes Glial eell that helps produce the myelin sheath. 

Perìpheral nervous system All nerves loeated outside of the brain and spinal eord (the eentral 
nervous system). 

Pìa mater Innermost layer of the meninges. 

Pìneal gland Part of the dieneephalon that has an endoerine function. 

Pìtuìtary gland An endoerine gland loeated next to the hypothalamus that produces many 
hormones. 

Reeeptor Sensory nerve ending or eell that responds to stimuli. 

Refraetory perìod The period immediately after a neurone has fired when it eannot reeeive 
another impulse. 

Retìcular formatìon Area loeated throughout the brainstem that is responsible for arousal, regula- 
tion of sensory input to the cerebrum and eontrol of motor output. 

Saltatory conductìon Transmission of an impulse down a mylelinated nerve fibre where the 
impulse moves from node of Ranvier to node. 

Sensory area Area of the cerebrum responsible for sensation. 

Sensory nerves Neurones that earry sensory information from eranial and spinal nerves into the 
brain and spinal eord. 
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Somatìe nervous system Voluntary motor division of the peripheral nervous system. 
Spínal nerves Thirty-one pairs of nerves that originate on the spinal eord. 

Synapse Junction betvveen tvvo neurones or neurones and effeetor site. 

Thalamus Part of the dieneephalon. 

Ventrìele Gavity in the brain. 

Whìte matter Myelinated nerve fibres. 


Referenees 


432 


Galbraith, A., Bullock, S., Manias, E., Hunt, B. and Riehards, A. (2007) Fundamentals of Pharmaeology. An 
Applìed Approaeh for Narsìng andHealth, 2nd edn. Harlovv: Pearson Education. 

Joint Formulary Gommittee (2014) BNF68. London: Pharmaceutical Press. 

Logenbaker, S.N. (2013) Mader's LJnderstanding Human Anatomy and Physiology, 8th edn. London: 
McGraw-Hill. 

Marieb, E.N. and Hoehn, K. (2013) Human Anatomy and Physiology, 9th edn. San Franeiseo, CA: Pearson 
Benjamin Cummings. 

Migliozzi, J.G. (2013)The nervous system and assoeiated disorders. In Nair, M. and Peate, I. (eds) Fandamentals 
ofApplìed Pathophysiology: An Essentìal Guìde For Nursing And Healtheare Stadents, 2nd edn. Oxford: 
John VViley & Sons, Ltd. 

NHS ehoiees (2015) Stress, Anxiety andDepression. http://www.nhs.uk/Conditions/stress-anxiety-depression/ 
Pages/low-mood-stress-anxiety.aspx (aeeessed 1 Deeember 2015). 

Seeley, R.R., Stephens T.D. and Vanputte, C. (2013) Anatomy and Physiology, lOth edn. New York: 
McGraw-Hill. 

Tortora, G.J. and Derriekson, B.H. (2009) Prineiples of Anatomy andPhysioiogy, 12th edn. Hoboken, NJ: John 
VViley &Sons, ine. 

Tortora, G.J. and Derriekson, T. (2014) Prineiples of Anatomy and Physiology, 14th edn. Hoboken, NJ: John 
VViley &Sons, ine. 

Tortora, G.J. and Derriekson, B. (2012) Essentìals of Anatomy and Physioiogy, 9th edn. New York: John VViley 
& Sons, ine. 

Toussaint, K., Yang, X.C., Zielinski, M.A., Reigle, K.L., Saeavage, S.D., Nagar, S. and Raffa, R.B. (2010) VVhat do 
we (not) know about how paraeetamol (aeetaminophen) works? Joarnal of eiinieal Pharmaey and 
Therapeaties 35(6): 617-638. 

VanMeter, K.C. and Hubert, R.J. (2014). Goald's Pathophysiology for Health Professions, 5th edn. St Louis: 
Elsevier Saunders. 

VVaugh, A. and Grant, A. (2014) Ross and VVìlson Anatomy and Physìology ìn Health and lllness, 12th edn. 
Edinburgh: Elsevier Churchill Livingstone. 


Further readíng 

http://www.nice.org.uk/guidance/cg176 

Link to elinieal guidance on head injury: triage, assessment, investigation and early management of head 
injury in ehildren, young people and adults. 
http://www.nice.org.uk/guidance/cg137 

Link to elinieal guidance on the epilepsies.The epilepsies, the diagnosis and management of the epilepsies 
in adult and ehildren in primary and seeondary eare. 
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http://www.stroke.org.uk/ 

The Stroke Assoeiation is a UK eharity that helps those affeeted by stroke and their families. 
http://www.parkinsons.org.uk/ 

Parkinson's UK is a UK eharity supporting those affeeted by Parkinson's disease and supporting Parkinson's 
disease researeh. 


Aetìvítìes 

Maltiple ehoíee questions 

1 . Which part of the brain is responsibleforthinking, reasoning and intelligenee? 

(a) eerebellym 

(b) hypothalamus 
(e) cerebrum 

(d) epithalamus 

2 . Which structures are involved in the eontrol of respiration? 

(a) pons and medolla 

(b) thalamos and epithalamos 

(e) somatie and sensory nervoos system 

(d) cerebellum and cerebrum 

3 . Which neuroglial eell aets as a maerophage? 

(a) oligodendroeyte 

(b) astroeyte 

(e) mieroglia 

(d) Sehvvann eell 

4 . Which layer of the meninges is elosest to the skull bone? 

(a) dura mater 

(b) araehnoid mater 

(e) pia mater 

(d) subarachnoid spaee 

5 . Which neurotransmitter is assoeiated vvith the neuromuscular junction? 

(a) dopamine 

(b) norepinephrine 

(e) aeetyleholine 

(d) eSF 

6. Which part of the brain is elosely assoeiated vvith the pituitary gland? 

(a) thalamus 

(b) epithalamus 

(e) hypothalamus 

(d) pons 

7 . Which is true of the autonomic nervous system? 

(a) it has two divisions - the somatie and voluntary divisions 

(b) it is housed in the cerebrum 

(e) it helps regulate heart rate and blood pressure 
(d) it does not influence any other system of the body 

8 . Nerves that earry impulses tovvards the eentral nervous system are: 

(a) afferent nerves 

(b) efferent nerves 
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(e) motor nerves 

(d) mixed nerves 

9 . Sympathetie stimulation of the nervous system would lead to all but which of the following 
responses: 

(a) bronehioles dilate 

(b) urine output inereases 

(e) heart rate inereases 

(d) epinephrine (adrenaline) is released 

10. Nerves that earry impulses away from the eentral nervous system are: 

(a) afferent nerves 

(b) efferent nerves 

(e) motor nerves 
(d) mixed nerves 
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True or 

1 . 

2 . 

3 . 

4 . 

5 . 

6 . 

7 . 

8 . 
9 . 

10 . 


false 

The hypothalamus produces oxytocin. 

Voluntary muscle movement is eontrolled by the afferent nervous system. 
Ependymal eells help to circulate CSF. 

The eranial nerves are all motor nerves. 

There are eight thoraeie nerves. 

Sodium is the prineipal extracellular eation. 

Motor nerves earry nerve impulses from the eentral nervous system. 
Oligodendroeytes form the blood-brain barrier. 

The subdural spaee lies between the dura mater and the pia mater. 

The frontal eye field area eontrols voluntary movement of the eyes. 


Label the diagram 1 

Label the diagram using the following list of words: 

Axon eollateral, AXON, Axon, Axoplasm, Axolemma, Axon terminal, Synaptie end bulb, Nucleus 
of Schwann eell, Schwann eell, Gytoplasm, Myelin sheath, Neurolemma, Node of Ranvier, 
Neurofìbril, Initial segment, Axon hilloek, Mitoehondrion, Gytoplasm, Nissl bodies, DENDRITES, 
CELL BODY, Neurofìbril, Nucleus, Dendrite, Neuroglial eell, Cell body, Axon 
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Label the díagram 2 

Label the diagram using the follovving list of vvords: 

DIENCEPHALON, Thalamus, Hypothalamus, Pineal gland (part of epithalamus), BRAINSTEM, 
Midbrain, Pons, Medulla oblongata, CEREBELLUM, Spinal eord, POSTERIOR, CEREBRUM, Pituitary 
gland, ANTERIOR 






















/ 
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Aeross: Down: 


2. Cell of the nervous system (7). 

4. eranial nerve X (5). 

6 Granial nerve II (5). 

7 . Middle layer of the meninges ( 9 , 5). 

9. Outer layer of the meninges - elosest to 
the skull (4, 5). 

10 . Star-shaped mieroglia (9). 

11. A structure of the endoerine system that is 

loeated next to the hypothalamus ( 9 , 5). 

13. Granial nerve I (9). 

17. Deseribes the autonomic nervous system 

eontrol (11). 

18 Part of the brain that has a role in respira- 

tory and heart rate (7). 

19. One half of the eentral nervous system (5). 


1 . Voluntary part of the peripheral nervous 
system { 7 , 1 , 6). 

3 . Name given to a nerve delivering the 
impulse away from the eentral nervous 
system (8). 

5 . Neuromuscular junction neurotransmitter 
(13). 

8 Brain structure responsible for the auto- 
nomie nervous system (12). 

11. Prineipal lntracellular eation involved in 

the aetion potential (9). 

12 . Name given to a nerve delivering the 

impulse towards the eentral nervous 
system (8). 

14. Layer of the meninges that is in eontaet 

with the brain (3, 5). 

15. Nervous system phagoeyte (9). 

16 Prineipal extracellular eation involved in 

the aetion potential (6). 


Find out more 

1 . Name the two major divisions of the nervous system. 

2. Differentiate between the parasympathetie nervous system and the sympathetie nervous 
system. 

3 . Identify thefunctions of the neuroglia. 

4 . Deseribetheaetion potential. 

5 . Identify the functions of the different regions of the brain. 

6 . Deseribe to a patienfs relative what the aeronym FAST in relation to stoke means. 

7 . Explain the differenee between stroke and transient attaeks. 

8 . Define the term saltatory conduction. 

9 . What is the differenee between the term afferent and efferent? 

10. What is the function of brainstem? 


eondìtions 

The following is a list of eonditions that are assoeiated with the nervous system.Take some time 
and write notes about eaeh of the eonditions. You may make the notes taken from text books or 
other resources (e.g. people you work with in a elinieal area), or you may make the notes as a 
result of people you have eared for. If you are making notes about people you have eared for you 
must ensure that you adhere to the rules of eonfìdentiality. 
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Myltiple selerosis 


Botulism 


Fibromyalgia 


Parkinson's disease 


Epilepsy 


Raised intraeranial pressure 


Alzheimer's disease 







Carl eiare 


Test your prior1<nowledge 

• Which eranial nerve is responsible for eonveying information about pereeived smells to the 
brain? 

• Name the main parts of the ear involved in the sense of balanee. 

• What part of the tongue is involved in the sense of taste? 

• Name the two substances that fìll the eye ehambers and help to maintain the shape of the eye. 

• What is the name for short-sightedness? 



After reading this ehapter you will be able to: 

• Deseribe the proeess by which we pereeive smell 

• Explain the meehanisms responsibleforthe pereeption of different tastes 

• Deseribe the way in which human beings maintain a sense of balanee 

• Explore the meehanisms that lead to sound information being eonverted into aetion poten- 
tials to be relayed to the brain 

• Deseribe the differenee between rods and eones in the eye 

• Explain how a visual image is focused on the retina 


Fundamentals ofAnatomy and Physiology: For Nursing and Heaitheare Students, Seeond Edition. Edited by lan Peate and Moralitharan Nair. 
© 2017 John VViley & Sons, Ltd. Poblished 2017 by John VViley & Sons, Ltd. 

Stodent eompanion vvebsite: vvvvvv.vvileyfundamentalseries.com/anatomy 
lnstructor eompanion vvebsite: vvvvvv.vviley.com/go/instructor/anatomy 
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The senses 


lntroductíon 

The senses are usually thought of as the five senses of smell, taste, hearing, vision and touch. 
Hovvever, in physiology the sense of touch is excluded from the senses as it is eonsidered a 
somatie sense. Thus the'senses'is a term used to refer to the senses of: 

• smell 

• taste 

• hearing 

• sight. 

Also included in this list of senses is the sense of 
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• equilibrium. 

This ehapter vvill explore these five senses in three seetions: 

• the'ehemiearsenses of smell and taste; 

• the senses assoeiated vvith the ear: those of equilibrium and hearing; 

• the sense of sight. 

In all these seetions there vvill be a revievv of the anatomy of the particular organs involved in 
these senses, follovved by a discussion of the physiology of hovv these senses are monitored and 
ereate aetion potentials to be transmitted to the brain. Finally, the pathvvays these aetion poten- 
tials take to the brain vvill be revievved, along vvith a brief discussion of the proeessing of this 
information in the brain itself. 


The ehemìeal senses 

With regard to the senses, the ehemieal senses are the senses of smell and taste, vvhieh rely on 
ehemoreeeptors.There are tvvo main types of ehemoreeeptor: 

• distanee ehemoreeeptors - for instanee, the olfaetory (smell) reeeptors; 

• direet ehemoreeeptors - for instanee, the sense of taste, vvhieh relies on the taste buds. 


The sense of smell (olfaetíon) 

In evolutionary terms the sense of smell is one of the oldest senses.The sense of smell is useful 
to us for the identifieation of food that is safe to eat and that vvhieh has gone rotten; it helps us 
to identify dangers such as dangerous ehemieals and gives us pleasure through the smell of 
flovvers and perfume. Olfaetion (the sense of smell) is dependent on reeeptors that respond to 
airborne partieles. In the nasal eavity either side of the nasal septum there are paired olfaetory 
organs made up of tvvo layers (Figure 14.1): 

• Olfaetory epìthelìum - this layer eontains the olfaetory reeeptor eells, supporting eells 
and regenerative basal eells (stem eells) that mature into reeeptor eells to replaee those 
that die. 

• Lamìna proprìa - a layer of areolar tissue eontaining numerous blood vessels and nerves. 
This layer also eontains the olfaetory glands, vvhieh seerete a lipid-rieh substance that absorbs 
vvater to form a thiek mucus that eovers the olfaetory epithelium. 

The olfaetory region of eaeh of the tvvo nasal passages is about 2.5 em^ (Jenkins and Tortora, 
2013) and betvveen them they eontain approximately 50 million reeeptor eells. 
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When air is inhaled through the nose the air in the nasal eavity is subject to turbulent flow, and 
this ensures that airborne smell partieles (odorant molecules) are brought to the olfaetory 
organs. Approximately 2% of the inhaled air in an average inspiration passes the olfaetory organs; 
the aet of sniffing inereases this pereentage by a large amount.The olfaetory reeeptors ean only 
be stimulated by compounds that are soluble in water or lipid and ean therefore diffuse through 
the mucus that overlies the olfaetory epithelium. 


Olfaetory reeeptors 

The olfaetory reeeptors are highly modified neurones eontained within the olfaetory epithelium. 
The tip of eaeh reeeptor projeets beyond the surface of theepithelium (Figure 14.1).This projee- 
tion forms the base for up to 20 eilia (hair-like structures) that extend into the surrounding 
mucus. These eilia lie laterally in the mucus (they lie relatively flat rather than upright), thus 
exposing a larger surface area to any compound that is dissolved into the mucus. 

Dissolved ehemieals interaet with odorant-binding proteins on the surface of the eilia; a 
loeal depolarisation occurs by the opening of sodium ehannels in the eell membrane. 
If enough loeal depolarisations occur, then an aetion potential is generated within the 
reeeptor eell. 

Medieines administration i 

Flixonase 

Flixonase (fluticasone propionate) is a topieal glucocorticoid medieine that is eommonly used for 
the treatment of allergie rhinitis (inflammation of the inside of the nose) and nasal polyps. 

Flixonase is available as a nasal spray or nasal drops. The methods for instilling nasal drops and 
nasal sprays vary slightly and are detailed below. 

Nasal spray techníque: 

• Blowthenosetoclearit. 

• Shake the bottle. 

• eiose off one nostril and put the nozzle in the open nostril. 

• Tilt the head forward slightly and keep the bottle upright. 

• Squeeze a fìne mist into the nose while breathing in slowly. The person should not sniff hard. 

• Breathe out through the mouth. 

• Take a seeond spray in the same nostril then repeat this procedure for the other nostril if 
preseribed. 

Nasal drops technìque: 

• Blowthenosetoclearit. 

• Shaketheeontainer. 

• Tiltthe head backwards. 

• Plaeethedropsinthenostril. 

• Keep the head tilted and sniff gently to let the drops penetrate. 

• Repeat for the other nostril if preseribed. 

(Continuecl) 
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The side effeets of flixonase include nose bleed (a very eomnnon side effeet) and dryness or irrita- 
tion of the nose or throat. Minimising the side effeets of flixonase medieations ean be done by: 

• Preseribing a nasal spray instead of drops. If nasal drops are indieated or preferred, ensure that 
they are used eorreetly. 

• Preseribing the vveakest poteney possible, for the shortest period of time. 

See National lnstitute for Health and Care Excellence (2015). 


The olfaetory pathvvay 

The olfaetory system is very sensitive, and as little as four molecules ean lead to the aetivation of 
a reeeptor. Hovvever, aetivation of a reeeptor eell does not mean there vvill be avvareness of the 
smell. There is a signifieant amount of eonvergenee along the olfaetory nervous pathvvay, and 
inhibition at intervening synapses ean prevent the signal from reaehing the olfaetory cortex in 
the brain. Hovvever, the olfaetory threshold remains very lovv; for instanee, humans ean deteet 
very lovv eoneentrations of the ehemieals added to the odourless natural gas used in the home, 
making it'smelTand thus ensuring leaks are deteeted by the home ovvner. 

On eaeh side of the nose, axons leaving the olfaetory epithelium reeeptor eells eolleet into 20 
or more bundles that penetrate the eribriform plate of the ethmoid bone (Figure 14.2); these 
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Fìgure 14.1 (a, b) Gross and mieroseopieanatomy of olfaetion.Soi/reeiTortora and Derriekson (2009). 

Reproduced vvith permission of John Wiley & Sons. 
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Fìgure 14.2 Olfaetory pathvvay. Soi/ree: Tortora and Derriekson (2009). Reproduced vvith permission 
of John Wiley & Sons. 

bundles eomprise the right and left olfaetory nerves until they reaeh the olfaetory bulbs in the 
brain. At the olfaetory bulbs the axons eonverge to eonneet vvith postsynaptie (mitral) eells in 
large synaptie structures ealled glomerull. Efferent fibres of eells elsevvhere in the brain also 
innervate the olfaetory bulb, thus allovving for the potential inhibition of the signalling path- 
vvays, for instanee in eentral adaptation (Box 14.1). 
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Box 14.1 Gentral adaptation 

Have you ever notieed that when meeting someone during the day you will smell their per- 
fume or aftershave, but having spent some time with them you will no longer be aware of that 
smell? Humans tend to 'habltuate'to persistent smells to the point that they are no longer 
pereeived.This is not due to the loeal reeeptors adapting to the persistent stimuli; it is a func- 
tion of eentral adaptation.That is, higher eentres in the brain are responsible for our reduced 
pereeption of a persistent smell.The transmission of the sensory information forthat particular 
smell is inhibited at the level of the olfaetory bulb by nerve lmpulses from the eentres in the 
brain. 
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Axons exiting from the olfaetory bulbs travel along the olfaetory nerves (eranial nerve I, which 
is a paired nerve) to reaeh the olfaetory cortex, the hypothalamus and portions of the limbie 
system via the olfaetory traets. Olfaetory stimulation is the only sensory information that reaehes 
the eerebral cortex direetly; all other senses are proeessed by the thalamus first.The faet that the 
limbie system and hypothalamus reeeive olfaetory input helps to explain the profound emotional 
response that ean be triggered by eertain smells. 


Olfaetory diserimination 

The olfaetory system ean make distinetions among some 2000-4000 ehemieal stimuli; however, 
there are no reasons that ean be found to explain this in the structure of the reeeptor eells them- 
selves. Though the epithelium is divided into areas of reeeptors with particular sensitivity for 
eertain smells, it appears that the eentral nervous system interprets eaeh smell by analysing the 
overall pattern of reeeptor aetivity (Tortora and Derriekson, 2011). It has been proposed that smell 
is pereeived in primary odours (Haehner etal., 2013); the exact number remains a source of eon- 
tention, and estimates vary from 7 to 30. Some of the smells that we pereeive are not deteeted by 
the olfaetory reeeptors at all; some of what we sense is actually pain. The nasal eavity eontains 
pain reeeptors that respond to eertain irritants such as ammonia, ehillies and menthol. As we get 
older, smell diserimination and sensitivity reduce as we lose reeeptors eompared with the total 
number we had when younger; and the reeeptors that remain beeome less sensitive. 


inieal eonsiderations 

Loss of the sense of smell (anosmia) 

The loss of the sense of smell (known as anosmia) is normally an acquired disorder due to either trauma 
to the nose or brain injury, but some people are born without a sense of smell (eongenital anosmia). 

While appearing to be a minor problem, the loss of the sense of smell is often assoeiated with 
feelings of depression and a reduced quality of life (Neuland etal., 2011). 

While temporary anosmia is eommon with eonditions such as rhinitis, the eommon eold and hay 
fever, permanent anosmia is often related to trauma, surgery and degenerative eonditions such as 
Alzheimer's disease and Parkinson's disease. 

Anosmia is noted to be an early indieator of Parkinson's disease, with 95% of patients presenting 
with anosmia years before motor-related symptoms appear (Haehner et al., 2011). 

iContinued) 
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Patients with anosmia are advised to take eertain safety measures: 

• install smoke alarms; 

• elearly mark expiry dates on food and leftovers; 

• read the warning labels on ehemieal agents and eleaners to avoid potentially harmful gases; 

• switch from gas to eleetrie. 

See NHS Ghoiees (2015). 


The sense of taste 

Like the sense of smell, the sense of taste helps to proteet us from poisons but also drives our 
appetite.There are five basie tastes: 

• sweet 

• sour 

• bitter 

• salt 

• umami. 

The first four tastes are already eommon knowledge, but the fifth was relatively unknown in the 
western hemisphere until reeently. Llmami is the taste assoeiated with the proteins found in meat 
and fish (Osawa, 2012) and has been known as a eoneept oftaste to the Japanesefor many years. 

The sense of taste is assoeiated with the taste buds, which are the sensory reeeptor for taste 
and found primarily in the oral eavity. There are approximately 10,000 taste buds in the oral 
eavity; most are found on the tongue, but a few are on the soft palate, the inner surface of the 
eheeks and the pharynx and epiglottis. 

Most ofthetaste budsarefound in peg-like projectionsofthetongue's mucosa.These projee- 
tions are known as papillae (singular is papilla) and gives the tongue its slightly rough feel. The 
papillae are found in four major forms (Figure 14.3): 

• Fungiform - mushroom-shaped papillae found seattered over the tongue surface but most 
abundant at the tip and sides.They usually eontain 1-18 taste buds, which are loeated on the 
top of these papillae. 

• Circumvallate (otherwise known as vallate) - the largest of the papillae and found in the 
least number. Seven to 12 of them are found in an inverted ‘M' shape at the baek of the 
tongue. They eontain approximately 250 taste buds, which are loeated in the side walls of 
these papillae. 

• Foliate - Jeaf-like'papillaefound on the sides of the rear of the tongue, which eontain around 
100 taste buds. 

• Filiform - thread-like structures that eontain no taste buds. They provide frietion to aid the 
movement offood bythetongue. 

Taste buds 

Eaeh taste bud is globular in structure and eonsists of 40-60 epithelial eells of three majortypes 
(Figure 14.4): 

• Supporting eells form the greatest part of the taste bud. They help to insulate the reeeptor 
eells from eaeh other and the epithelium of the tongue. 
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Fìgure 14.3 Tongue and the loeation of the papillae. Source: Tortora and Derriekson (2009). 
Reproduced with permission of John Wiley & Sons. 

• Gustatory (or taste) eells - the ehemoreeeptor responsible for sensing taste. 

• Basal eells - stem eells that mature into new reeeptor eells to replaee those that die. 

Both the supporting eells and the gustatory eells have long mierovilli (protrusions of the eell 
membrane that inerease its surface area) ealled gustatory hairs. These gustatory hairs projeet 
from the tip of the eell and protrude through a Taste pore'in the epithelium to allow them to 
be bathed in saliva.The gustatory hairs are the sensitive portion of the gustatory eell. 

eoiling around the gustatory eells are the sensory dendrites, which are the initial part of the 
gustatory pathway. Eaeh afferent nerve fibre reeeives nerve signals from several reeeptor eells. 

The taste reeeptor 

The aetivation of the taste reeeptor requires the ehemieal compound (known as a tastant; Jenkins 
and Tortora, 2013) that is to be tasted to dissolve in the saliva, then diffuse into the taste pore and 
eome into eontaet with the gustatory hairs. Depending on the type of taste, this has one of four 
potential effeets (the exact meehanism that is involved in the sensing of umami is unknown): 

• salt - salty taste initiates an influx of sodium into the eell; 

• sour - sour taste leads to a hydrogen ion bloekade of sodium and potassium ehannels in the 
eell membrane; 

• bitter - bitter taste leads to an influx of calcium ions into the eell; 

• sweet - sweet taste leads to an inaetivation of potassium ehannels. 

All these effeets lead to the depolarisation of the eell and the release of neurotransmitters. Salt 
taste and sour taste have direet effeets on the eell membrane. Bitter taste, sweet taste and 
umami exert their aetion on the eell by the use of messenger systems aetivated by G-protein- 
coupled reeeptors. 
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Fìgure 14.4 Gross-seetion of part ofthetongueand mieroseopie vievvof a taste bud. Soi/rce:Tortora 
and Derriekson (2009). Reproduced vvith permission of John Wiley & Sons. 

It appears that vve have various sensitivities to different tastes. We are most sensitive to bitter 
tastes, then sour, and then svveet and salty.To an extent this makes evolutionary sense as poisons 
tend to taste bitter, vvhereas aeids and food that has'gone off often taste sour.Thus, vve are most 
sensitive to those tastes that may indieate something that could harm us. 

It should be noted that the taste buds are not the only methods by vvhieh vve experience the 
taste of a food. It is elearthat the sense of smell is also of vital importaneeto hovv vve experience 
taste - just think of hovv food tastes vvhen your nose is bloeked due to a eold; 80% of the sense 
of taste is actually smell. As vvith the sense of smell, there are also pain reeeptors involved vvith 
the sense of taste, and eertain tastes vvill elieit a pain stimulus as opposed to a gustatory one. 

The gastatory pathvvay 

The release of neurotransmitters by the gustatory eells ereates an aetion potential in related 
afferent nerve fibres. The sensory information from the tongue is transmitted along tvvo eranial 
nerve pairs: 

• ehorda tympani - a braneh of the faeial nerve (eranial nerve VII) relays impulses from the 
anterior tvvo-thirds of the tongue 
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• lingual braneh of the glossopharyngeal nerve (eranial nerve IX) - earries the sensory 
information ofthe posterior third ofthe tongue. 

Sensory information from the taste buds in the epiglottis and pharynx is transmitted by the 
vagus nerve (eranial nerve X). All the afferent fibres terminate in the solitary nucleus of 
the medulla. The sensory messages are then transmitted, ultimately, to the thalamus and the 
gustatory cortex in the parietal lobes. Afferent fibres also projeet into the hypothalamus and 
limbie system. Llltimately, many of the branehes of afferent nerves that divert to various parts of 
the brain, apart from the cortex, are involved in the triggering of reflexes involved with digestion 
(for instanee, salivation). 

The gustatory pathway is unique among the senses because if the taste buds lose their 
afferent nerve fibres (for instanee, they are cut) the taste bud then degenerates. As we get 
older we lose the sense of taste as there is a reduction in the number of taste buds; gustatory 
eells die and are not replaeed at the same rate as they die, and those eells that remain beeome 
less sensitive. 


eiinieal eonsiderations 

Taste disorders 

Taste disorders are relatively eommon in the general population and ean be split into three types: 

• Ageusia - the eomplete loss of taste. This is in faet rare. 

• Hypogeusia - this is much more eommon and is the reduced ability to taste the fìve main tastes 
of salt sweet bitter, sour and umami. 

• Dysgeusia - this is usually eharaeterised as a foul, salty, raneid or metallie taste that persists in the 
mouth. 

The causes of altered taste sensations are varied and include: 

• upper respiratory and middle ear infeetions; 

• radiation therapy for eaneers of the head and neek; 

• exposure to eertain ehemieals, such as inseetieides and some medieations, including some eom- 
mon antibioties and antihistamines; 

• head injury; 

• some types of surgery to the ear, nose and throat (such as middle-ear surgery) or extraction of 
the wisdom teeth; 

• poor oral hygiene and dental problems. 

Alteration in taste ean affeet the appetite, and espeeially in the elderly ean lead to a reduced food 
intake.The adviee for improving appetite for patients with a taste disorder is: 

• prepare foods with a variety of colours and textures; 

• use aromatie herbs and hot spiees to add more flavour - however, avoid adding more sugar or 
salt tofoods; 

• if your diet permits, add small amounts of eheese, baeon bits, butter, olive oil or toasted nuts on 
vegetables; 

• avoid eombination dishes, such as easseroles, that ean hide individual flavours and dilute taste. 
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The senses of equìlíbrìum and hearìng 

The ear is divided into three seetions: external, middle and inner (see Figure 14.5). 

Eaeh of these three seetions is integral in the proeess of hearing, and the inner ear is also 
essential in the maintenanee of the sense of balanee. 


The structure of the ear 

The outer ear 

The outer ear eonsists of: 


• auricle (pinna) 

• external auditory eanal 

• tympanie membrane. 


The auricle is the shell-shaped projeetion surrounding the external auditory eanal. It is made 
of elastieeartilageeovered with skin.Theauriclecan be further broken down intothe rim, known 
as the helix, and the earlobe, which laeks supporting eartilage and so is soft.The function of the 
auricle is to direet sound waves into the external auditory eanal. 

The external auditory eanal (meatus) is a short S-shaped, narrow passage about 2.5 em long 
and 0.6 em wide, which extends from the auricle to the tympanie membrane (Figure 14.5). At the 
end elosest to the auricle the external auditory ear eanal is made of elastie eartilage; the rest of 
the eanal is a ehannel through the temporal bone and thus needs no supporting eartilage. The 
entire eanal is lined with skin with assoeiated hairs, sebaceous (oil) glands and modified sweat 
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Fìgure 14.5 Structure of the ear. Soi/ree: Tortora and Derriekson (2009). Reproduced with permission 
of John Wiley & Sons. 
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glands ealled cerunninous glands. The cerunninous glands seerete a yellow-brown waxy ceru- 
men (ear wax).The purpose of the oils and the wax is to lubricate the ear eanal, kill baeteria and, 
in conjunction with the hairs, keep the eanal free of debris. 

Sound waves entering the external auditory eanal travel along until they reaeh the tympanie 
membrane (ear drum), a thin translucent eonneetive tissue membrane eovered by skin on its 
external surface and internally by mucosa, and shaped like a flattened eone protruding into the 
middle ear. Sound waves that reaeh the tympanie membrane make it vibrate, and this vibration 
is transmitted to the bones of the middle ear. 


I 


►TlTsltMiItl 


I 

Hearing aids work by eonverting speeeh and other sounds to acoustic signals; they then amplify 
these. There are some hearing aids that depress lower frequency sounds and others that amplify 
higher frequency sounds. With advanees in teehnology, inereasingly smaller, more effieient hearing 
aids are now being produced. There are several different types, informally named by their plaee- 
ment in or around the ear: behind-the-ear, in-the-ear, or in-the-eanal hearing aids. Although hear- 
ing aids ean amplify sounds, they eannot make words elearer or speeeh any easier to understand, 
except by making the sounds louder. 

Hearing aids ean piek up the sound that is entering the ear, proeess it to mateh the hearing loss and 
then release the signal baekinto the ear instantaneously. A digital hearing aid is much more advaneed 
than an analogue aid. It eontains a silieon ehip made up of millions of eleetrieal eomponents, continu- 
ously proeessing ineoming sound, eonverting it into elearer and more audible sounds and then 
releasing these at the appropriate sound level into the ear.The digital hearing aid helps the user dis- 
tinguish between sounds that need to be amplifìed and unwanted noise that needs to be reduced. 

Digital hearing aids ean be modifìed in order to work with an individ^aTs personal degree of 
hearing loss and lifestyle needs.They have a number of preset programmes, which ean be used in 
various situations; for example, quiet eonversations, when at eoneerts, or at parties where there is 
much background noise. The user ean watch the TV while taking part in eonversations, identify 
where sounds are eoming from, eliminate whistling and feedbaek while on the telephone and ean 
link up via wireless teehnology to theTV, mobile telephone, computer or stereo system. 


Middle ear 

Otherwise known as the tympanie eavity, this is a small, air-filled eavity lined with mucosa and 
eontained within the temporal bone. It is enelosed at both ends, by the ear drum at the lateral 
end and medially by a bony wall with two openings: 

• oval (vestibular) window 

• round (eoehlear) window. 

The middle ear is eonneeted to the nasopharynx by the Eustachian (auditory) tube, a 4 em 
long tube that eonsists of two portions: 

• the seetion near the eonneetion to the middle ear, which is relatively narrow and is supported 
by elastie eartilage; 

• the seetion near the nasopharynx, which is relatively broad and funnel-shaped. 

When open the Eustachian tube allows the passage of air, and thus ensures the equalisation of the 
pressures on both sides of the tympanie membrane so both are subject to the same atmospherie 
pressure. The Eustachian tube is normally elosed at the end nearest the nasopharynx but opens 
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during yavvning and svvallovving (Jenkins and Tortora, 2013). If equalisation of pressures does not 
happen, then the differenee in pressures betvveen the tvvo sides ean lead to reduced hearing as the 
tympanie membrane eannot move freely. 

VVithin the middle ear there are three bones knovvn as the ossieles or ossicular ehain. These 
three bones eonneet the tympanie membrane vvith the reeeptor complexes of the inner ear: 

• the malleus (hammer) attaehesatthree pointstothe inner surfaceofthetympanic membrane; 

• the incus (anvil) attaehes the malleus to the stapes; 

• the stapes (stirrup) - the edges of the base of the stapes are bound to the edge of the oval 
vvindovv. 


The joints betvveen these three bones are the smallest synovial joints in the body, and eaeh 
has its ovvn tiny capsule and supporting extracapsular ligaments. 

Vibration in the tympanie membrane is the first stage in the pereeption of sound; this 
vibration eonverts the sound vvaves into meehanieal movement (the vibration). The ossieles 
aet as levers and conduct the vibrations to the inner ear. They are eonneeted in such a vvay 
that the in-out movement of tympanie vibration is eonverted into a roeking motion of the 
stapes.The ossieles eolleet the foree applied to the tympanie membrane, amplify it and trans- 
mit it to the oval vvindovv. This amplifieation explains vvhy humans ean hear even very quiet 
noises, but ean also be a problem in very noisy environments. In order to proteet the tympanie 
membrane and the ossicular ehain from violent movement resulting from extreme noises, 
they are supported by tvvo small muscles: 
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• The tensor tympani muscle is a short ribbon of muscle eonneeted to the 'handle' of the 
malleus. When it eontraets, the malleus is pulled medially (tovvards the inner ear), stiffening 
the tympanie membrane. 

• The stapedius muscle is attaehed to the stapes and pulls it, reducing the movement against 
the oval vvindovv. 


Inner ear 

The senses of equilibrium (part of the sense of balanee) and hearing are provided by the reeep- 
tors in the inner ear. 

The inner ear is also knovvn as the labyrinth ovving to the eomplieated series of eanals it eon- 
tains.The inner ear is eomposed of tvvo main, fluid-filled parts: 

• bony labyrinth - a series of eavities vvithin the temporal bone that eontain the main organs of 
balanee (the semicircular eanals and the vestibule) and the main organ of hearing (the eoehlea); 

• membranous labyrinth - a series of fluid-filled saes and tubes that are eontained vvithin the 
bony labyrinth. 

Betvveen the bony and membranous labyrinth flovvs perilymph, a liquid that is rather like 
eerebrospinal fluid; the fluid vvithin the membranous labyrinth is knovvn as endolymph. 

As noted above, the bony labyrinth ean be divided into three parts (Figure 14.6): 

• The vestibule eonsists of a pair of membranous saes: the saccule and the utricle. Reeeptors in 
these tvvo saes provide the sensations of gravity and linear aeeeleration. 

• The semicircular eanals enelose slender semicircular ducts. Reeeptors in these ducts are 
stimulated by the rotation of the head.The eombination of the vestibule and the semicircular 
eanals is knovvn as the vestibular complex. 

• The eoehlea is a spiral-shaped, bony ehamber that eontains the eoehlear duct of the 
membranous labyrinth. Reeeptors vvithin this duct give us the sense of hearing. 
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Fìgure 14.6 Inner ear. Soi/ree: Tortora and Derriekson (2009). Reproduced with permission of John 
Wiley &Sons. 


Equilibrium 

The sense of equilibrium is part of the sense of balanee and is eontrolled by reeeptors in the 
semicircular ducts, the utricle and the saccule of the inner ear.The sensory reeeptors in the semi- 
circular ducts are aetive during movement but inaetive when the body is motionless. The sen- 
sory reeeptors in the ducts respond to rotational movements of the head. There are three of 
these ducts: lateral, posterior and anterior. 

The ducts are continuous with the utricle. Eaeh semicircular duct eontains an ampulla, an 
expanded region that eontains the majority of the reeeptors.The area in the wall of the ampulla 
that eontains the reeeptors is known as the erista, and eaeh erista is bound to a cupula - a gelati- 
nous structure that extends the full width of the ampulla. The hair eells (reeeptors) are sur- 
rounded by supporting eells and are monitored by the dendrites of sensory neurones. 

Thefree surfaces of the hair eells are eovered with stereoeilia, which resemble very long miero- 
villi. Along with thefine stereoeilia, the hair eell will also have one kinocilium - a single, large and 
thiek cilium. When an external foree pushes against the eilia the distortion of the plasma mem- 
brane of the hair eell alters the rate that the eell releases ehemieal transmitters. So, for instanee, 
if a person moves their head to look to the left the eilia of the lateral semicircular eanal are 
subject to pressure and thus the eell membranes are distorted, leading to an altered release of 
neurotransmitters and the pereeption of rotational movement (Flgure 14.7). Any movement 
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Fígure 14.7 (a, b) Ampylla at rest and in response to movement. Source: Tortora and Derriekson 

(2009). Reproduced with permission of John Wiley & Sons. 


of the head ean be pereeived by varying eombinations of stimulation of the three ducts and 
their reeeptors. 

In eontrast to the semicircular eanals, the utricle and the saccule provide equilibrium informa- 
tion whether the body is moving or stationary. The two ehambers are eonneeted by a narrow 
passageway that is also eonneeted to the endolymphatie duct. The hair eells of the utricle and 
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Fìgure 14.8 Haireellsand otolith. Soi/ree:Tortora and Derriekson (2009). Reproduced with permission 
of John Wiley & Sons. 

saccule are clustered in oval structures ealled maculae. As with the hair eells of the ampullae, the 
eilia of the hair eells in the utricle and saccule are embedded in a gelatine-like substance. 
However, the surface of this substance eontains densely paeked calcium earbonate erystals 
ealled statoeonia. This eombination of gelatine-like substance and calcium earbonate erystals is 
known as an otolith (Figure 14.8). 

When the head is in a neutral position the statoeonia sit on top of the macula.The pressure they 
generate is therefore downwards and the hair eell mierovilli are pushed down. When the head is 
tilted, the pull of gravity on the statoeonia shifts and the mierovilli are moved to one side or the 
other.Thisdistortstheeell membrane and triggers altered neurotransmitter release (Figure 14.9). 

A similar type of aetivity happens when the body is subject to linear aeeeleration; for example, 
as a ear speeds up, the otolith lags behind due to inertia.The brain would normally differentiate 
between the aetion of gravity and the aetion of aeeeleration by integrating the information from 
the reeeptors with visual information. 


Pathvvays for the equiHbnum sensations 

The hair eells in the semicircular eanals, the vestibule and the saccule are monitored by 
sensory neurones loeated in the vestibular ganglia. Sensory fibres from these ganglia form 
the vestibular braneh of the vestibulocochlear nerve (eranial nerve VIII).These fibresfeed into 
neurones within the vestibular nuclei at the boundary of the pons and the medulla oblongata 
in the brain. 
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Fìgure 14.9 Aetion of gravity on the otolith. Soi/ree: Tortora and Derriekson (2009). Reproduced with 
permission of John Wiley & Sons. 

The vestibular nuclei have four functions: 

• Integrating sensory information about equilibrium reeeived from both sides of the head. 

• Relaying information to the cerebellum. 

• Relaying information to the cortex. 

• Sending eommands to motor nuclei in the brainstem and the spinal eord. The motor 
eommands are reflex-type eommands for eye, head and neek movements, such as the 
movement of the eyes that occurs in response to sensations of motion. 

Hearìng 

The sense of hearing is provided by reeeptors in the eoehlear duct; they are hair eells similar to 
those of the semicircular eanals and vestibule. However, their positioning within the eoehlear 
duct and the organisation of the surrounding structures proteet them from stimuli generated by 
anything otherthan sound waves. 

The ossicular ehains transmit and amplify pressure waves from the air into pressure waves in 
the perilymph of the eoehlea.These waves stimulate the hair eells along the eoehlear spiral: 

• the frequency of the pereeived sound is deteeted by the part of the eoehlear duct that is 
stimulated; 

• the ìntensìty (volume) of the sound is deteeted by the number of hair eells that are stimulated 
at the particular point in the eoehlea. 
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VVithin the bony labyrinth of the eoehlea there are three ducts (Figure 14.10): 

• the vestibular duct (seala vestibuli) eonneets to the oval window; 

• the tympanie duct (seala tympani) eonneets to the round window; 

• the eoehlear duct (seala media) is separated from the tympanie duct by the basilar membrane. 

Both the vestibular and the tympanie duct are eonneeted at the tip of the eoehlear spiral and 
therefore make up one continuous perilymphatie ehamber (Figure 14.11). 
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Fìgure 14.10 Cross-section of the eoehlea (highlighted seetion is shown in detail in Figure 14.12). 
Soi/ree: Tortora and Derriekson (2009). Reproduced with permission of John VViley & Sons. 
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Goehlea showing the continuous nature of the vestibular and tympanie ducts. 
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Fígure 14.12 Organ of Gorti. Soi/ree: Tortora and Derriekson (2009). Reproduced with permission of 
John Wiley & Sons. 
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Between the vestibular and the tympanie ducts is the eoehlear duct; the hair eells of this duct 
are loeated in a structure ealled the organ of Corti (Figure 14.12). The organ of Corti sits on the 
basilar membrane and its hair eells are arranged in a series of longitudinal rows. 

The hair eells of the organ of Corti do not have kinoeilia, and their stereoeilia are in eontaet 
with the overlying teetorial membrane; this membrane is attaehed to the inner wall of the eoeh- 
lear duct. When a portion of the basilar membrane bounces up and down in response to pres- 
sure waves in the perilymph the stereoeilia of the hair eells are pressed against the teetorial 
membrane and beeome distorted. 


The hearing proeess 

1. Sound waves travel down the external auditory eanal and arrive at the tympanie membrane. 

2. Movement is ereated in the tympanie membrane, which leads to the movement of the 
ossieles and the amplifieation of the movement. 

3. Movement of the stapes at the oval window ereates pressure waves in the perilymph of the 
vestibular duct. 

4. The pressure waves distort the basilar membrane. The loeation of the maximum distortion 
depends on the frequency of the sound, as the basilar membrane varies in width and 
flexibility along its length. Higher piteh sounds ereate maximum distortion near to the oval 
window and lower piteh sounds further away from the window. The amount of distortion 
gives sensory information as to the volume of the sound. 

5. Vibration in the basilar membrane leads to vibration of the hair eell eilia againstthe teetorial 
membrane, leading to the release of neurotransmitters by the hair eells. As hair eells are 
arranged in rows, a soft sound may only distort a few hair eells in a single row, but more eells 
in more rows will be stimulated as the volume inereases. 

6 . Information about the region of stimulation and the intensity of that stimulation is relayed to the 
brain via the eoehlear braneh of the vestibulocochlear nerve (eranial nerve VIII).The eell bodies of 
the neurones that monitor the hair eells of the eoehlea are loeated in the spiral ganglia at the eentre 
of the bony eoehlea.The nerve impulses are then transmitted via the eoehlear braneh of eranial 
nerve VIII to the eoehlear nuclei of the medulla oblongata and then to other eentres in the brain. 
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Medìeínes managennent ~ 

Ototoxicity 

Ototoxicity is the property of being toxic to the ear. There are over 200 clrugs that ean lead to oto- 
toxicity, tinnitus and assoeiated hearing loss. 

Many of the drugs are used in eomnnon praetiee, such as: 

• furosemide 

• gentamiein 

• metropolol 

• ramipril 

• sodium valproate. 

Patients should be informed that if they do experience any suspected tinnitus or hearing loss 
with a drug it is important they do not stop taking the drug until they have talked to their doetor. 

Avoiding ototoxicity 

Many ototoxic drugs are excreted in the urine, and thus it is best to avoid ototoxic drugs in patients 
with renal impairment and they should be used with caution in the elderly. Furthermore, the 
patient should be well hydrated to ensure good renal function. 

Drugs such as gentamiein and vaneomyein are normally given at set times, and the nurse should 
avoid giving these drugs too early as it may cause an excessive blood level. Also, blood levels of 
these drugs are required at regular intervals, and it is important to adhere to medieal instructions 
regarding the administration before and after drug administration. 

Furosemide toxicity is related to the speed of administration and, therefore, it is essential that the 
instructions for the speed of delivery of intravenous furosemide are followed. 


eiinieal eonsiderations 

Noise exposure and ear damage 

As noise levels inerease, the ehanee of damage to the ear inereases. The following table gives 
examples of the types of noise levels at eertain deeibel (dB) levels and the exposure time at which 
damage may occur. 


dB level 

l\/laxímum exposure per day 

Examples 

10 


Breathing 

20 


Rustling leaves 

60 


Gonversation 

75 


Typieal ear interior on motorvvay 

85 

16 h 

City traffie (inside ear) 

90 

9h 

Povver drill, food blender 

97 

3 h 

Freneh horn at 10 feet 


(Continued) 
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dB level 

l\/laxímum exposure per day 

Examples 

100 

2 h 

Farm traetor, outboard motor, jet take-off at 1000 feet 

110 

0.5 h 

ehainsavv, pneumatic drill, ear horn at 3 feet 

120 

0 h 

Typieal roekeoneert, loud thunderclap 

125 

Hearing dannage occurring 

Pneumatic riveter at 4 feet 

132-140 

Pernnanent hearing damage 

Gunshot, very loud roek eoneert 50 feet in front of speakers 

150-160 

Eardrum rupture 

Jet take off at 75 feet, gunshot at 1 foot 

190 

Immediate death of tissue 

Jet engine at 1 foot 

194 


Loudest sound in air, air partiele distortion (sonie boom) 


Thesense of sìght 

Vision is perhaps the sense that we value the most; we learn more about the world around us 
through sight than we do with any of the other senses. Without sight many of our daily tasks and 
pleasures would be impossible and many others would beeome more difficult. The sense of 
sight is based on the eyes, and around the eyes there are aeeessory structures that help to keep 
the eyes safe and working well (Figure 14.13): 

• Eyelids (palpebrae) - a continuation of the skin. Continual blinking keeps the surface of the 
eye lubricated and removes dirt.The gap between them is known as the palpebral fissure. 

• Eyelashes - robust hairs that help to keep foreign matter out of the eyes. They are assoeiated 
with the tarsal glands. which produce a lipid-rieh seeretion that helps to prevent the eyelids 
from stieking together. 



Palpebral Conjunctiva 

fissure (over selera) 


Fígure 14.13 Aeeessory structures of the eye. Source: Tortora and Derriekson (2009). Reproduced 
with permission of John Wlley & Sons. 
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• Laerimal caruncle - a small eolleetion of soft tissue that eontains aeeessory glands. 

• Commissure - the point where the eyelids meet; there are two: the lateral and the medial. 

• Conjunctiva - the epithelial eell layer that lines the inside of the eyelids and the outer surface 
of the eye. 


Laerimal apparatus 

A eonstant flow of tears washes over the eyes to keep the conjunctiva moist and elean. Tears 
have several functions: 

• reducefriction 

• remove debris 

• prevent baeterial infeetion 

• provide nutrients and oxygen to parts of the conjunctiva. 

The laerimal apparatus produces, distributes and removes tears. It eonsists of: 

• a laerimal gland 

• laerimal canaliculi 

• a laerimal sae 

• a nasolaerimal duct. 

The laerimal gland (tear gland) ereates most of the eontent of tears (about 1 mL per day). 
Onee the laerimal seeretions reaeh the eye they mix with the products of the aeeessory glands 
and the tarsal glands.This results in a mixture that lubricates the eye and reduces evaporation. 
The nutrient and oxygen demands of the eorneal eells are supplied by diffusion from the laeri- 
mal seeretions. The seeretions also eontain antibaeterial enzymes and antibodies to attaek 
pathogens before they enter the body. 

Blinking sweeps the tears aeross the ocular surface and they accumulate at the medial eom- 
missure from where they are drained by the laerimal canaliculi into the laerimal sae and from 
there into the nasal eavity through the nasolaerimal duct. 


The eye 

The wall ofthe eye 

The wall of the eye has three layers (Figure 14.14): 

• fibroustunic 

• vascular tunic 

• neuraltunic. 

Fibrous tunic 

The fibrous tunic is the outermost layer of the eye and eonsists of the selera and the eornea; it 
has three main functions: 

• provides support and some proteetion; 

• is the attaehment site for the extrinsic muscles; 

• eontains structures that assist in the focusing proeess. 

Most of the ocular surface is eovered by the selera (the'white'of the eye), which is made up of 
dense fibrous eonneetive tissue eontaining eollagen and elastie fibres. The surface of the selera 
eontains small blood vessels and nerves.The transparent eornea is continuous with the selera and 
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Fìgure 14.14 Anatomy of the eye. Soi/rce:Tortora and Derriekson (2009). Reproduced with permission 
of John Wiley & Sons. 


is made up of a dense matrix of fibres laid down in such a way that they do not interfere with the 
passage of light. 

Vascular tunic (uvea) 

The vascular tunic is the middle of the three layers of the eye and eontains numerous blood 
vessels, lymph vessels and the smooth muscles involved in eyefunctioning.Thefunctionsofthis 
layer include: 

• providing a structure for the blood and lymph vessels that supply the tissues of the eye; 

• regulating the amount of light that enters the eye; 

• seereting and reabsorbing the aqueous humour; 

• eontrolling the shape of the lens. 

The vascular tunic is made up of: 

• theiris 

• the eiliary body 

• theehoroid. 
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Iris 

The iris is the eentral, coloured portion of the eye (Figure 14.13) and regulates the annount of 
light entering the eye by adjusting the size of the eentral opening (the pupil). It is formed of 
two layers of pigmented eells and fibres and two layers of smooth muscle (the pupillary 
muscles): 

• pupillary eonstrietor muscles 

• pupillary dilator muscles. 

Both sets of muscles are eontrolled by the autonomic nervous system; aetivation 
of the parasympathetie nervous system leads to eonstrietion of the pupil in response 
to bright light. Aetivation of the sympathetie nervous system leads to the dilation of 
the pupil in response to dim light levels. At its edge the iris attaehes to the anterior part of the 
eiliary body. 

eHiary body 

The greatest part of the eiliary body is made up of the eiliary muscle, a smooth muscular ring 
that projeets into the interior of the eye.The epithelial eovering of this muscle has many folds 
ealled eiliary proeesses. The suspensory ligaments of the lens attaeh to the tips of these 
proeesses. 

ehoroid 

The ehoroid is a vascular layer that separates the fibrous and neural tunics. It is eovered by 
the selera and attaehed to the outermost layer of the retina. The ehoroid eontains an exten- 
sive eapillary network that delivers oxygen and nutrients to the retina. 

Neural tunic (retina) 

This is the innermost layer of the eye, eonsisting of a thin outer layer ealled the pigmented part 
and a thieker inner layer ealled the neural part. 

• The pigmented part of the retina absorbs the light that passes through the neural part; this 
prevents light bouncing baek through the neural partand causing Visual eehoes'. 

• The neural part of the retina eontains light reeeptors, support eells and is responsible for the 
preliminary proeessing and integration of visual information. 

Organisation ofthe retina 

Figure 14.15 shows the two types of reeeptor eells eontained within the outermost layer of 
the retina (elosest to the pigmented part). These reeeptor eells are the eells that deteet light 
(photoreeeptors). 

• Rods - these photoreeeptors do not diseriminate between colours. They are very 
sensitive and enable us to see in very low light levels. Rods are mostly eoneentrated in a 
band around the periphery of the retina, and this density reduces towards the eentre of 
the eye. 

• Cones - these photoreeeptors provide colour vision and give sharper, elearer images than the 
rods do, but they require more intense light. Cones are mostly situated in the macula lutea 
and particularly at its eentre in an area ealled thefovea (Figure 14.14). 

The elongated outer seetions of the rods and eones eontain hundreds to thousands of 
flattened membranous dises. In the rods the dises are separate and form the shape of a eylinder. 
In eones the dises are in faet folds of the plasma membrane, and the outer segment tapers to 
a blunt point. 
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Pigment epithelial eell 



LIGHT DIREGTION 


Fìgure 14.15 Gross-seetion of the retina. Soi/ree: Tortora and Derriekson (2009). Reproduced with 
permission of John Wiley & Sons. 


There are three types of eones (red, blue and green), and colour diserimination is based on the 
integration of information reeeived from the three types of eones. For instanee, yellow is shown 
by highly stimulated green eones, less strongly stimulated red eones and a relative laekof stimu- 
lation of the blue eones. 

A narrow eonneeting stalk links the outer segment to the inner segment, which is the part of 
the eell that eontains all the usual cellular organelles. The inner segment is also the area where 
synapses with other eells are made and neurotransmitters are released. 

The rods and eones synapse with neurones ealled bipolar eells, which in turn synapse within 
a layer of neurones ealled ganglion eells. At both these synapse areas there are assoeiated eells 
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that ean stinnulate or inhibit the connnnunication betvveen the tvvo eells, and therefore alter the 
sensitivity of the retina (for instanee, in response to very bright or dim, light levels). 

Axons from approximately 1 million ganglion eells eonverge on the optie dise, at vvhieh point 
theyturn and penetratethe vvall oftheeyeand proeeed tothedieneephalon ofthe brain asthe 
optie nerve. The eentral retinal artery and vein pass through the eentre of the optie nerve. The 
optie dise eontains no photoreeeptors, and thus this area is knovvn as the blind spot; hovvever, 
vve do not notiee the blind spot in our vision as involuntary eye movements keep the visual 
image moving and the brain ean thus supply the missing information. 


The ehambers ofthe eye 

The eye is divided into tvvo main eavities: a large posterior eavity and a smaller anterior eavity. 

The anterior eavity is further divided into the anterior ehamber and the posterior ehamber 

(Figure 14.14). 

• The anterìor eavìty is filled vvith a substance ealled aqueous humour that circulates betvveen 
the anterior and posterior ehambers by passing through the pupil and performing a vital role 
as a transport medium for nutrients and vvaste products. The fluid pressure ereated by the 
aqueous humour in the anterior eavity helps to maintain the shape of the eye. Aqueous 
humour is produced by theepithelial eellsoftheeiliary body and vvithin afevv hours isdrained 
through the eanal of Sehlemm to the selera to be reeyeled. 

• The posterìor eavìty is the larger of the tvvo eavities of the eye and is filled vvith a gelatinous 
mass knovvn as vitreous humour.The vitreous humour helps to stabilise the shape of the eye 
as the aetivity of the extraocular muscles vvould othervvise distort the shape of the eye. Llnlike 
aqueous humour, the vitreous humour is ereated during the development of the eye and is 
never replaeed. A thin film of aqueous humour infiltrates the posterior ehamber, bathing the 
retina, supplying nutrients and removing vvaste.The pressure it ereates also helps to keep the 
neural part of the retina against the pigmented part; though the tvvo are elose together they 
are not fixed to eaeh other, and thus this external pressure is required. 


I 


►TlTsltMiTtl 


I 

Using eyedrops 

Sarah is a 72-year-old lady vvho has been to see her optieian for nevv glasses. During routine testing 
the optieian has deteeted the onset of glaucoma and referred Sarah to her GP. The treatment for 
early open angle glaucoma is eye drops, and the GP has preseribed prostaglandin eye drops to help 
the flovv of aqueous humour from the eye and thus reduce the pressure. At present, glaucoma ean- 
not be cured and the treatment is dependent on early reeognition to avoid permanent damage. 
To use eye drops the patient should be advised to: 

• vvash their hands; 

• ensuretheeyedropsareindate; 

• put their head baek; 

• use their fìnger to pull dovvn the lovver eyelid; 

• hold the bottle and allovv a single drop to fall into the poeket made by pulling dovvn the eyelid; 

• elose the eye and keep it elosed for a fevv minutes. 










The senses 


ehapter 14 



-HM lltl 


I 

Tonometry 

Measyring intra-ocular pressure (lOP) is an important ophthalmie test and the eorreet term is 
tonometry.Tonometry is the objeetive measurement of lOP and is usually based on the assessment 
of resistanee of the eornea to indent (this is usually a blast of air). Normal lOP is betvveen about 10 
and 21 mmHg. There are several types of tonometer available; an applanation tonometer is a tool 
that measures the amount of foree needed to temporarily flatten part of the eornea.The tonom- 
eter measures the degree of resistanee provided by the eornea to gentle indentation, eonverting 
this into a fìgure. A drop of fluorescein/anaesthetic provides a blue light fìlter.The proceduredoes 
not hurt; the patient has to keep their eyes vvide open. While this test is eompletely painless, many 
patients fìnd this test very difficult. 

There are eontraindieations to this procedure, such as trauma or eorneal ulcer. Measuring 
lOP is quickand simple, and because of this it is routinely performed on all adults vvho require 
eye tests. 
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Foeasing ìmages onto the retina 

In order for a visual image to be useful it must be focused onto the retina; this is the purpose of 
the lens of the eye. First the light entering the eye is subject to refraetion, and the lens provides 
the additional, adjustable refraetion required to focus the image onto the retina. 

Refraetion 

Light is refraeted (bent) vvhen it passes from one medium to another medium vvith a different 
density (Figure 14.16). 

The majority of the refraetion in the eye happens vvhen light enters the eornea from the air; 
additional refraetion occurs vvhen light passes from the aqueous humour into the lens. The lens 
provides the extra refraetion to focus the light onto the retina and ean adjust this refraetion 
aeeording to the foeal length. 


Light ray before 
refraetion 


Air 



VVater 



Light ray after 
refraetion 


Refraetion of light rays 


Fìgure 14.16 Refraetion of light passing from air (less dense) to vvater (dense). Source: Tortora and 
Derriekson (2009). Reproduced vvith permission of John Wiley & Sons. 
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Fìgure 14.17 Foeal length. 

Foeal length is the distanee betvveen the foeal point (e.g. on the retina) and the eentre of the 
lens (Figure 14.17). It is dependent on: 

• The distanee from the objeet to the lens. The further avvay an objeet is, the shorter the foeal 
length. 

• The shape of the lens.The rounder the lens the more refraetion occurs. A very round lens has 
a shorter foeal length than a flatter lens. 

The lens lies behind the eornea and is held in plaee by ligaments that are attaehed to the 
eiliary body. It is made up of eoneentrie layers of eells that are preeisely organised and are eovered 
by a fibrous capsule. Many of the capsule fibres are elastie, and if it vvere not subject to external 
forees by the ligaments the lens vvould be spherieal. VVithin the lens are lens fibres, speeialised 
eells that have lost their nucleus and other organelles. They are filled vvith a protein ealled erys- 
tallin, vvhieh is responsible for the transpareney and the focusing povver of the lens. 

The proeess of ehanging the shape of the lens to focus an image onto the retina is knovvn as 
aeeommodation.The shape of the lens is altered by tension being applied to or relaxed on the 
suspensory ligaments by smooth muscles vvithin the eiliary body (Figure 14.18). 

Myopia, hyperopia and presbyopia 

In a person vvho has myopia (short-sightedness) the lens is unable to focus the image onto the 
retina and thefocus of the imagefalls short (Figure 14.19). VVith myopia, people ean see objeets 
elose to them but those that are far avvay are blurred. Myopia is easily eorreeted for by the use of 
eorreetive lenses, either in the form of glasses or eontaet lenses. 

In the person vvith hyperopia (long-sightedness) the image is focused onto a point behind 
the retina (Figure 14.20); therefore, these people ean see things at a distanee but not near to 
them. 

Presbyopia is the loss of the ability to focus on elose objeets as the person ages; the most eom- 
mon theory for this is the loss of elastieity in the lens. The loss of the ability to focus on near 
objeets occurs in everyone, but at different rates and vvith different effeets on vision.The onset 
of presbyopia is most eommonly notieed at 40-50 years of age. Presbyopia is treatable vvith eor- 
reetive glasses (usually knovvn as reading glasses, though they are eorreetive for all tasks that 
require near vision). 
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(b) Aeeommodation elose objeet 

Fìgure 14.18 Aeeommodation to (a) far and (b) near objeets. Source: Tortora and Derriekson (2009). 
Reproduced with permission of John Wiley & Sons. 


Normal plane of focus Goneave lens 



(a) Near-sighted (myopie) eye, (b) Near-sighted (myopie) eye, 
uncorrected eorreeted 


Fìgure 14.19 (a) Myopie eye uncorrected and (b) eorreeted by a eoneave lens. Source: Tortora and 

Derriekson (2009). Reproduced with permission of John Wiley & Sons. 



(a) Long-sighted (hyperopie) (b) Long-sighted (hyperopie) 
eye, oneorreeted eye, eorreeted 


Fígure 14.20 (a) Hyperopie eye uncorrected and (b) eorreeted by a convex lens. 5oi/rce: Tortora and 

Derriekson (2009). Reproduced with permission of John Wiley & Sons. 
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eiinieal eonsiderations ~ 

20/20 vision 

The term 20/20 vision refers to a measure of visual acuity. The meaning is that the person being 
tested ean see the same detail from 20 feet away as a person with normal eyesight would see from 
20 feet. In other words, 20/20 vision is normal vision. If a person has 20/40 vision they are only able 
to see detail at 20 feet that a person with normal vision ean see at 40 feet. A person with a visual 
acuity of 20/70 ean only see detail at 20 feet that a person with normal sight could see at 70 feet 
and so on. The visual acuity is not a direet eorrelation with the preseription for eyeglasses, but the 
preseribed glasses are intended to aehieve 20/20 vision. Visual acuity is tested using a standard size 
Snellen ehart at 20 feet and lit to a standard brightness. 


1 20/200 

2 20/100 

3 20/70 

4 20/50 

5 20/40 

6 20/30 

7 20/25 

8 20/20 

9 

10 
11 

Fìgure 14.21 Snellen ehart. 



The proeessìng of vìsual ínformatìon 

The ganglion eells that monitor the rods in the retina (M eells) supply information about the general 
form of an objeet motion and shadows in dim light. As many as 1000 rods may pass information to 
one M eell.This eonvergenee leads to a loss of speeifie information, and the aetivation of an M eell 
indieates that light has struck a general area rather than a speeifie point. This loss of speeifie loeation- 
based information is partially eompensated for by the faet that the M eells'aetivity varies depending 
on the pattern of stimulation in their speeifie field (area of retina). So, for instanee, an M eell would 
reaet differently to a stimulus at the edge of its reeeptive field than from one at its eentre. 

Cone eells show very little eonvergenee; for instanee in the fovea the ratio of eones to ganglion 
is 1:1 (Martini and Nath, 2009).The ganglion eells that monitor eones (P eells) are more numerous 
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than M eells, and because there is little eonvergenee these eells provide loeation-speeifie information. 
As a result of this, eones supply more preeise information about a visual image than do rods. 

eentral proeessing ofvisaal information 

Onee axons from the ganglion eells have exited the eye through the optie dise they proeeed to 
the dieneephalon as the optie nerves (eranial nerve II). The two optie nerves (one for eaeh eye) 
reaeh the dieneephalon at the optie ehiasm. From there, half the nerves go to the lateral genicu- 
late nucleus on the same side of the brain and the other half eross over and proeeed to the lateral 
geniculate nucleus on the opposite side. From eaeh lateral geniculate nucleus, visual information 
also travels to the oeeipital cortex of the eerebral hemisphere on the same side. lnvoluntary eye 
eontrol (such as pupillary reflexes) is proeessed in the dieneephalon and the brainstem. 

Conclusìon 

In this ehapter there has been a review of the senses: 

• olfaetion (smell), which is based in the olfaetory reeeptors of the nose 

• gustation (taste), which is partially based in the gustatory reeeptors on the tongue, but also 
has a large input from the olfaetory reeeptors 

• equilibrium, which is a part of the sense of balanee and is based in the hair eells of the 
semicircular eanals and the vestibule 

• hearing, which is based in the hair eells in the organ of eorti in the eoehlea of the inner ear 

• sight which is based in the photoreeeptors of the eye. 

With the exception of smell, all the information generated by the senses is proeessed in the 
thalamus before being transmitted on to the higher brain eentres. Some of the senses (smell and 
taste) also have direet input into other eentres of the limbie system, such as the hypothalamus, 
and this is an indieation of both how aneient they are in evolutionary terms and the faet that 
eertain smells and tastes ean evoke subconscious responses, such as salivation and emotions. 



Afferent: Heading towards a eentre (for instanee, the brain). 

Ampulla A sae-like enlargement of a eanal or duct. 

Anterìor Loeated at or related to, the front of a structure. 

Antìbody Proteins in the blood that are used by the immune system to identify and destroy pathogens. 

Autonomìc nervous system The part of the nervous system that eontrols involuntary functions, 
made up of the parasympathetie and sympathetie nervous systems. 

Axon Extension of a nerve eell that conducts impulses. 

Balanee The ability to eontrol equilibrium. 

Gartìlage A supporting eonneetive tissue made up of various eells and fibres. 
eìlìa Small, hair-like proeesses on the outer surface of some eells. 

Gonneetìve tìssue Tissue that supports and binds other body tissue. 

Gonvergenee The movement of the eyes inwards to see an objeet elose to the faee. 

Efferent Heading away from a eentre. 
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Endolymph The fluid in the nnennbranous labyrinth of the inner ear. 

Enzyme A protein that inereases the rate of a ehemieal reaetion. 

Equìlìbrìum Stability at rest or when moving. 

Ethmoíd bone A bone in the skull that separates the nasal eavity from the brain. 

Extrìnsìc Not inherent to the proeess or objeet external. 

Foeal length The distanee between the foeal point (e.g. on the retina) and the eentre of the lens of 
the eye. 

Fovea (fovea eentralìs) A small depression in the retina eontaining eones and where vision is the 
most acute. 

Ganglìon A mass, or group, of nerve eells. 

Glomerulì (glomerulus - síngular) In the olfaetory pathway, a structure eontaining a mass of 
synapses. 

Gustatory Relating to the sense of taste. 

Hyperopìa Long-sightedness. 

Irìs The eentral, coloured portion of the eye. 

Laerìmal Relating to tears. 

Lateral Away from the midline of the body (to the left or right). 

Lígament Fibrous tissue that binds joints together and eonneets bones and eartilage. 

Límbíe system A group of structures/centres in the brain assoeiated with various emotions and 
feelings, such as anger, fear, sadness and pleasure. 

Lìpìd A group of organie compounds, including the fats, oils, waxes, sterols and triglyeerides. 
Medìal Towards the midline of the body. 

Medulla oblongata A part of the brainstem that eontains the eardiae and respiratory eentres. 
Míerovìllì (mìcrovìllus - sìngular) Protrusions of the eell membrane that inerease its surface area. 
Myopía Short-sightedness. 

Nasopharynx The part of the airway that begins in the nose and ends at the soft palate. 

Neurone Nerve eell. 

Olfaetíon The sense of smell. 

Olfaetory Pertaining to the sense of smell. 

Olfaetory bulb A structure of the brain involved in olfaetion, the pereeption of odours. 

Papílla (papìllae - plural) Small, nipple-shaped projeetion. 

Parasympathetìe nervous system Part of the autonomic nervous system. 

Pathogen An infectious agent that causes disease (for instanee, baeteria or virus). 

Perìlymph The elear fluid found between the bony labyrinth and the membranous labyrinth in the 
inner ear. 

Photoreeeptor Light-sensing neurone. 

Pons Part of the brainstem, the pons eontains eentres that deal with sleep, swallowing, hearing, 
equilibrium, taste, eye movement and many other functions. 
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Posterìor Loeated at or related to, the rear of a structure. 

Presbyopìa The loss of the ability to focus on elose objeets as the person ages. 

Pupìl The opening in the eentre of the iris of the eye that allovvs light to enter. 

Pupìllary eonstrìetor muscles Smooth muscles eontained vvithin the iris of the eye; vvhen stimu- 
lated they lead to the eonstrietion of the pupil. 

Pupìllary dìlator muscles Smooth muscles eontained vvithin the iris of the eye; vvhen stimulated 
they lead to the dilation of the pupil. 

Reflex lnvoluntary function or movement in response to a stimulus. 

Refraetìon The ehange of direetion of light as it passes from one medium to another vvith a different 
density. 

Snellen ehart Standardised ehart for testing visual acuity. 

Sympathetìe nervous system Part of the autonomic nervous system. 

Synapse A gap betvveen tvvo neurones or a neurone and an organ aeross vvhieh neurotransmitters 
diffuse to transmit a nerve impulse. 

Synovíal joìnt Afreely moving joint in vvhieh bony surfaces are eovered vvith eartilage and eon- 
neeted by ligaments lined vvith a synovial membrane.The membrane seeretes a lubricating fluid and 
keeps it around the joint. 

Thalamus A pair of structures in the brain that relay messages from most of the senses. 
Transparent Clear, ean see through it. 

llmamì TheTifth taste' related to proteins found in meat and fish. 

Vìsual acuìty Detailed eentral vision. 
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Further readìng 

Royal National Institote of Blind People (RNIB) 

http://www.rnib.org.uk/ 

The RNIB is a UK-based eharity offering information, support and adviee to people experiencing sight loss. 
The website is a useful source of information, including seetions on eye eonditions, tests and eoping 
with sight loss. 


Natíonal lnstítute on Deafness and Other Communícatíon Dísorders 

http://www.nidcd.nih.gov/health/Pages/Default.aspx 

A useful website maintained by the United States National lnstitutes of Health detailing various disorders of 
the ear and mouth, including taste disorders, balanee disorders and disorders of the ear. 
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ENTUK 

https://entuk.org/ 

The website of the British Assoeiation of Otorhinolaryngologists and the British Aeademie Gonferenee in 
Otolaryngology.This group states its aims as including promoting eare, professional education and infor- 
mation for the public.The site has useful information on a variety of eonditions of the ear and the nose. 


eyeSmart 

h tt p://w w w.g eteyesm a rt .o rg/eyes m a rt/i n d ex.cf m 

This is a website ereated and maintained by the Ameriean Assoeiation of Ophthalmology (eye doetors). It 
eontains useful seetions on eye eonditions, symptoms and lifestyle adviee related to eye health. 


Aetìvíties 

l\/lultiple ehoíee questions 

1. What pereentage of inhaled air passes the olfaetory organs? 

(a) 2% 

(b) 4% 

(e) 5% 

(d) 10% 

2. What is the purpose of the Eustachian tube? 

(a) to equalise the pressure betvveen the outer ear and the nasopharynx 

(b) to equalise the pressure betvveen the inner ear and the nasopharynx 

(e) to equalise the pressure betvveen the middle ear and the nasopharynx 

(d) to equalise the pressure betvveen the inner ear and middle ear 

3. The utricle and saccule of the ear are stimulated by: 

(a) gravity 

(b) linear aeeeleration 

(e) rotation of the head 

(d) vertieal aeeeleration 

4. Theorgan of Corti isfound in: 

(a) the vestibulocochlear duct 

(b) thetympanicduct 

(e) the vestibular duct 
(d) the eoehlear duct 
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5. Information aboutthe volumeand piteh of a sound aretransmitted tothe brain via a braneh 
of vvhieh eranial nerve? 

(a) VI 

(b) VIII 
(e) IX 

(d) X 

6 . The eyelids are made of: 

(a) elastie eartilage 

(b) eonneetive tissue 

(e) nnuscle tissue 

(d) epithelial tissue 

7. The coloured part of the eye is known as: 

(a) the uvea 

(b) the eornea 

(e) the iris 

(d) the ehoroid body 

8 . Photoreeeptors are found in: 

(a) the fibrous tunic 

(b) the neural part of the neural tunic 

(e) the vasculartunic 

(d) the pigmented part of the neural tunic 

9 . Rods are mostly found where in the retina? 

(a) eentre 

(b) periphery 

(e) optie dise 

(d) fovea 

10. The majority of the refraetion of light in the eye happens: 

(a) when the light enters the lens of the eye 

(b) when the light enters the pupil 

(e) when the light enters the posterior eavity 
(d) when the light enters the eornea of the eye 
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True or 

1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 
9. 

10 . 


false 

The olfaetory reeeptors are direet ehemoreeeptors. 

There are five basie tastes. 

Taste buds die if they lose their afferent nerve eonneetions. 

Ear wax is normally elear but gets colour from the debris it eolleets. 

The stapes is bound to the round window. 

The semicircular eanals provide information when the body is moving and stationary. 
Tears are drained into the nasal eavity. 

Tears have no antibaeterial function, they purely wash the baeteria away. 

There are three types of eone eell in the eye. 

The white of the eye is known as the selera. 


Label the diagram 1 

Label the diagram using the following list of words: 

Eyelash, Eyebrow, Pupil, Iris, Llpper eyelid (palpebra), Laerimal caruncle, Lateral commissure, 
Palpebral fissure, Lower eyelid (palpebra), Conjunctiva (over selera), Medial commissure 




ehapter 14 


The senses 


474 



Label the diagram 2 

Label the diagram using the follovving list of vvords: 

Light ray before refraetion, Air, Water, Light ray after refraetion 
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Anosmia, Cribriform, Laerimal, Saccule, Ghemoreeeptors, Epithelium, Odorant, Selera, Ghoroid, 
Foliate, Optie, Stapes, Cilia, Fovea, Papillae, Statoeonia, Cochlea, Kinocilium, Photoreceptor,Tympanic 
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Aeross: 

1. Structures ofthe inner earthat eontain 
the ducts that respond to rotational 
movennent of the head (12,6). 

5. The bones of the middle ear (8). 

6 . 'Stirrup' one of 5 aeross (6). 

7. The adjustable focusing structure of 
the eye (4). 

9. Epithelial eell layerthat lines the outer 
surface of the eye (11). 

11. Structure of the inner ear that eon- 

tains 2 down (singular) (7). 

12. Spiral-shaped bony ehamber of the 

innerear (7). 

13. Gentral, coloured part of the eye (4). 

14. eiear fluid found between the bony 

labyrinth and the membranous laby- 
rinth (9). 

15. Gel-like substance found in the 

posterior eavity of the eye (8,6). 

16. Reduced pereeption of a persistent 

smell {7, 10). 


Down: 

1 . Calcium earbonate erystals found in 
the utricle and saccule (10). 

2. Area of the wall of the ampulla of the 
inner ear that eontains the reeeptors 
( 6 ). 

3. Retina (6, 5). 

4. The'white'of the eye (6). 

7. Fibrous tissues that bind joints 
together (9). 

8 . Largest of the peg-like structures 
eontaining taste buds, found at the 
baek of the tongue (plural) (7, 8). 

9. The majority of the refraetion of light 
in the eye happens here (6). 

10. Eardrum (8,8). 
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Fill in the blanks 

Sound waves entering the external_eanal travel along until they reaeh the tympanie 

membrane (_), a thin translucent_tissue membraneeovered by skin on its 

_surface and internally by_, and shaped like a flattened eone protruding 

intothe middleear. Sound_that reaeh thetympanie_make it_ 

and this vibration is transmitted to the bones of the middle ear. 

membrane, ear drum, eonneetive, waves, external, vibrate, mucosa, auditory 

Find out more 

1 . What does the surgical procedure of rhinoplasty entail? 

2 . Discuss the procedure of ear syringing. 

3. What adviee should be given to a person who is experiencing an epistaxis? 

4. What is role and function of the nurse in helping to stop epistaxis? 

5. How ean the nurse ensure that the person who has hearing problems maintains a safe 
environment? 

6 . Outline the barriers that may be encountered when conducting an assessment of a person's 
needs. 

7. How may the nurse help to reduce the workplace hearing loss? 

8 . Deseribe how losing the sense of smell ean impaet on person's health and well-being. 

9. List the issues a person may faee with a nasal paek in plaee. 

10. Discuss the serviees and support systems available to people who are blind. 

Look at the dlagrams 

1. Which of the diagrams shows an eye with myopia? 

2. Which of the diagrams shows an eye with eorreeted myopia (using a lens)? 

3. Which of the diagrams shows an eye with hyperopia? 

4. Which of the diagrams shows an eye with eorreeted hyperopia (using a lens)? 



(e) (d) 
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Test your learníng 

1 . Name thefive basietastes. 

2. Name the three types of papillae that eontain taste buds. 

3. Deseribe the meehanism for sensing gravity and linear aeeeleration. 

eondítions 

Thefollovving is a list of eonditions that are assoeiated vvith thesenses.Take some time and vvrite 
notes about eaeh of the eonditions. You may make the notes taken from text books or other 
resources (e.g. people you vvork vvith in a elinieal area), or you may make the notes as a result of 
people you have eared for. If you are making notes about people you have eared for you must 
ensure that you adhere to the rules of eonfidentiality. 


Anosmia 


Ageusia 


Ménière's disease 


Otoselerosis 


Tinnitus 


Glaucoma 


Macular degeneration 


Retinal detaehment 


Gataraets 


Retinopathy 






Carl eiare 


Test your prior knovvledge 

^ Hovv are hormones transported in the body? 

What is meant by the 'half-life'of a hormone? 

Name one hormone released by the pltuitary gland. 
Where in the body is the thyroid gland found? 

What stimulates the release of insulin? 


Learning outcomes 

After reading this ehapter you vvill be able to: 

Name the endoerine glands in the body and the hormones they seerete 
Discuss the different forms of stimulus for the release of hormones 
Explain the eontrol of hormone release by the hypothalamus 
Discuss the hormonal responses to stress 

Explain the role of insulin and glucagon in the eontrol of blood sugar levels 


Fundamentals ofAnatomy and Physiology: For Nursing and Heaitheare Students, Seeond Edition. Edited by lan Peate and Moralitharan Nair. 
© 2017 John VViley & Sons, Ltd. Poblished 2017 by John VViley & Sons, Ltd. 

Stodent eompanion vvebsite: vvvvvv.vvileyfundamentalseries.com/anatomy 
lnstructor eompanion vvebsite: vvvvvv.vviley.com/go/instructor/anatomy 
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Pituitary 

gland 


Adrenal 

gland 


Testis 



Hypothalamas 


Thyroid 



Panereas 


Ovary 


lntroductìon 

Homeostasis (from the Greek/^omo/os/similar'; and histémi/stand\ng stilT) refers to the proeess 
of maintaining a stable internal environment. In other words, homeostasis refers to the mainte- 
nanee of normal physiologieal balanee and functioning within the body.There are two major 
systems in the body for maintaining homeostasis: the nervous system and the endoerine 
system. Table 15.1 shows the differenees between these two systems. 

The nervous system reaets rapidly to stimuli and effeets its ehanges over a period of seeonds 
or minutes; thus, it is involved in the immediate and short-term maintenanee of homeostasis. 
Owing to its rapid onset of aetion, the nervous system is responsible for the eontrol of rapid 
bodily proeesses such as breathing and movement. The endoerine system is often responsible 
forthe regulation of longerterm proeesses.The major functions it eoordinates are 

• homeostasis - maintains the internal body environment; 

• storage and utilisation of energy substrates (earbohydrates, proteins and fats); 


Table 15.1 Nervous system versus endoerine system 



Nervous system 


Endoeríne system 


Speed of aetion 


Seeonds 


Minutes to hours (even days) 


Duration of aetion 


Seeondsto nninutes 


Minutes to days 


Method of transmitting messages 


Eleetrieal 


ehemieal 


Transport method 


Neurones 


Hormones 
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• regulation of grovvth and reproduction; 

• eontrol of the body's responses to external stimuli (particularly stress). 

It should be noted, hovvever, that though these tvvo systems are separate they often aet together 
and eomplement eaeh other in the maintenanee of homeostasis. 

The endoerine system is made up of a eolleetion of small organs that are seattered throughout 
the body, eaeh of vvhieh releases hormones into the blood supply Cendo'= vvithin/crine'= to seerete). 
These hormone-releasing organs ean be split into three main eategories (Jenkins etal., 2007). 

• Endoerine glands - organs vvhose only function is the production and release of hormones. 
These include: 

o pituitary gland 
o thyroid gland 
o parathyroid gland 
o adrenal gland. 

• Organs that are not pure glands (as they have other functions as vvell as the production of 
hormones) but eontain relatively large areas of hormone-producing tissue.These include: 

o hypothalamus 
o panereas. 

• Other tissues and organs that also produce hormones - areas of hormone-producing eells are 
found in the vvall of the small intestine and the stomaeh. 

There are no eell types, organs or proeesses that are not influenced by the endoerine system 
in some vvay, and vvhile there are many hormones that vve knovv of there are probably many 
more that are yet to be diseovered. 

The endoerìne organs 

Figure 15.1 shovvs the endoerine organs and their position vvithin the body. Eaeh of these organs vvill 
typieally have a rieh blood supply delivered by numerous blood vessels. The hormone-producing 
eells vvithin theorgan arearranged into branehing netvvorks around this supply.Thisarrangement 
of blood vessels and hormone-producing eells ensures that hormones enter the bloodstream rap- 
idly and are then transported throughout the body to the target eells (see Figure 15.2). 

Endoerine, paraerine, exocrineandautocrine i 

Many vvords in anatomy and physiology have a similar ending to other vvords used about the same 
proeesses or areas of the body (Figure 15.3). It is important to be avvare of these as confusion ean 
quickly take over. 

Endoerìne is usually used to refer to hormones that are seereted into the blood and have an 
effeet on eells distant from those that released the hormone. Hovvever, many endoerine hormones 
are knovvn to aet loeally and even on the eells that seerete them. 

Paraerìne refers to hormones that aet loeally and diffuse to the eells in the immediate neigh- 
bourhood to produce their aetion. 

Autocríne refers to hormones that aet on the eells that produce it. 

Exocríne refers to glands/organs that seerete substances into ducts that eventually lead to the 
outside of the body (for instanee, the svveat glands, the part of the panereas that seeretes digestive 
juices, the gallbladder). 
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(behind thyroid 
gland) 
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Kidney 
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Fìgure 15.1 Loeation of the endoerine organs. 5oi/rce: Tortora and Derriekson (2009). Reproduced 
with permission of John Wiley & Sons. 


Target eell 



Seereting eell 



Blood vessel 


Target eell 


Fìgure 15.2 Transportation of hormones in the blood. 

Hormones 

Hormones are ehemieal messengers that are seereted into the blood or the extracellular fluid 
by one eell and have an effeet on the functioning of other eells. Unlike the nervous system, 
which could be said to be based on wires (the neurones) like a telegraph, the endoerine sys- 
tem is like a radio broadeast. As it is with a radio broadeast, it is neeessary for there to be a 
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Fìgure 15.3 Endoerine, paraerine and autocrine. 


Reeeptor 



Not a target eell (no reeeptors) 


Fìgure 15.4 Target eell and non-target eell. 


reeeiver in order for the hormonal message to be reeeived and aeted upon. As hormones 
circulate in the blood they eome into eontaet with virtually every eell in the body, but they 
only exert their speeifie effeet on those eells that have reeeptors for that hormone (the target 
eells). Like a loek and key meehanism, only the right key (hormone) ean unlock a particular 
loek (reeeptor) (see Figure 15.4). 

Hormone reeeptors are either found within the target eell or on its surface (as in Figure 15.4). 
The site of the reeeptor is dependent on the type of hormone the reeeptor is for. Most hormones 
are made from amino aeids, but some are made from eholesterol (the steroid hormones). 

• Amino aeid-based hormones eannot eross the eell membrane, and thus their reeeptors are 
found on the eell wall. These hormones tend to exert their influence by aetivating enzymes 
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and other molecules vvithin the eell, vvhieh then affeet the eell aetivity.This is often through a 
easeade of ehanges, vvith the aetivation of the enzyme or molecule being the first step. The 
best understood example of this is eyelie adenosine monophosphate. 

• The steroid hormones ean eross the eell membrane because they are small and lipid soluble, 
and thus their reeeptors are found vvithin the eell itself. These hormones usually exert their 
effeet by stimulating the production of genes vvithin the target eell.The genes then stimulate 
the synthesis of nevv proteins. 

• One exception is thyroid hormone, vvhieh is not a steroid hormone but is lipid soluble and 
very small and ean diffuse easily aeross the eell membrane into the eell. 

The aetivation of a target eell depends on the eoneentration of the hormone in the blood, the 
number of reeeptors on the eell and the affinity of the reeeptor for the hormone. Ghanges in 
these faetors ean happen quickly in response to a ehange in stimuli. 

The most important faetor affeeting the effeet of a hormone on its target eell is its eoneentra- 
tion in the blood and/or extracellular fluid. This eoneentration of a hormone at the target eell is 
determined by threefaetors: 

• Rate of production of the hormone - this is the most highly regulated aspeet of the endoerine 
system. 

• Rate of delivery of the hormone - for instanee, the blood flovv to the organ or eell. 

• Rate of destruction and elimination of the hormone (half-life). Hormones vvith a short half-life 
vvill rapidly drop in eoneentration onee production deereases. If the half-life of the hormone is 
long, then the hormone vvill still be present in signifieant eoneentrations for some time after 
its production stops. 

ehanges in the eoneentration of hormones ean be a rapid meehanism of eontrol, espeeially 
the rate of production, but longer term adjustments to target eell sensitivity to a hormone vvill 
almost eertainly include ehanges in the numbers of reeeptors as vvell. Ghanges in the number of 
reeeptors are knovvn as upregulation and dovvnregulation. 

• Upregulation is the ereation of more reeeptors in response to lovv circulating levels of a 
hormone; the eell beeomes more responsive to the presenee of the hormone in the 
blood 

• Dovvnregulation is the reduction in the number of reeeptors and isoften the responseof a eell 
to prolonged periodsof high circulating levels of a hormone;thecell beeomes less responsive 
(desensitised) to a hormone. 


The transportatìon of hormones 

Most hormones are seereted into the circulating blood, though there is the exception of 
hormones that are released intoa loeal circulatory system knovvn as a portal circulation.The tvvo 
portal circulations in the human body are those eonneeting the hypothalamus and the anterior 
pituitary gland and the hepatie portal circulation that merges to form the portal vein entering 
the liver. 

The steroid hormones are mostly eonveyed vvithin the circulation by being bound to transport 
proteins, vvith less than 10% making up the Tree fraetion'of the hormone (Jenkins and Tortora, 
2013). In elinieal plaeements you may have notieed that some blood tests are speeifieally 
targeted at measuring both the bound and free elements of a hormone; the most eommon of 
these are the thyroid function tests, vvhieh measure both bound thyroxine (T^) and freeT^. Water- 
soluble hormones are eonveyed in their free form in the blood. 
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Effeets of hormones 

Hormones typieally produce one of the follovving ehanges: 

• ehanges in eell membrane permeability and/orthe eelTs eleetrieal state (membrane potential) 
by opening or elosing ion ehannels in the eell membrane; 

• synthesis of proteins or regulatory molecules (such as enzymes) vvithin the eell; 

• enzyme aetivation or deaetivation; 

• causing seeretory aetivity; 

• stimulation of mitosis. 

Gontrol of hormone release 

The ereation and release of most hormones are preeeded by a stimulus that ean be internal or exter- 
nal; for instanee, a rise in blood glucose levels or a eold environment.The further synthesis and release 
of hormones is then usually eontrolled by a negative feedbaek system. As ean be seen in Figure 15.5, 
the influence of a stimulus, from inside or outside the body (in this ease a rise in blood glucose levels), 
leads to hormone release (insulin); follovving this, some aspeet of the target organ function then 
inhibits further reaetion to the stimulus and thus further release of the hormone by the organ. 

The initial stimulus for the release of a hormone is usually one of three types, though some 
organs respond to multiple stimuli (Marieb and Hoehn, 2007). 

• Humoral: A response to ehanging levels of eertain ions and nutrients in the blood. For 
example, parathyroid hormone is stimulated by falling blood levels of calcium ions. 

• Neural: A response to direet nervous stimulation. Very fevv endoerine organs are direetly 
stimulated by the nervous system. An example is inereased aetivity in the sympathetie nervous 
system that direetly stimulates the release of eateeholamines (adrenaline and noradrenaline) 
from the adrenal medulla. 

• Hormonal: A response to hormones released by other organs. Hormones that are released 
in response to hormonal stimuli are usually rhythmieal in their release (that is, the levels rise 
and fall in a speeifie pattern). An example of hormonal eontrol is the release of thyroid 
stimulating hormone(TSH)fromtheanteriorpituitaryglanddirectlystimulatingtheproduction 
and release of T from the thyroid gland. 



Negative 

feedbaek 

inhibiting 

further 

hormone 

release 
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Fígure 15.5 The negative feedbaek system. Source: Nair and Peate (2009). Reproduced vvith permis- 
sion of John Wiley & Sons. 
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Destructíon and removal of hormones 

Hormones are very powerful and ean have a large effeet at even low eoneentrations; therefore, 
it is essential that aetive hormones are effieiently removed from the blood. Some hormones are 
rapidly broken down within the target eells. Most are inaetivated by enzyme systems in the liver 
and kidneys and then excreted mostly in the urine, but some are excreted in the faeees. 
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The physìology of the endoeríne organs 

The hypothalamus and the pituítary gland 

The hypothalamus is a portion of the brain with a variety of functions. It is a small (about 4 g), 
eone-like structure that is direetly eonneeted to the pituitary gland by the pituitary stalk (or infun- 
dibulum). One of the most important functions of the hypothalamus is to link the nervous system 
to the endoerine system via the pituitary gland. Almost all hormone seeretion by the pituitary 
gland is eontrolled by either hormonal or eleetrieal signals from the hypothalamus (Figure 15.6). 

The hypothalamus reeeives signals from virtually all the potential sources within the nervous 
system but is also under negative feedbaek eontrol by the hormones regulated by the pituitary 
gland. Thus, when there is a low level of a hormone in the blood supplying the hypothalamus 
this leads to the release of the appropriate releasing hormone or faetor that stimulates the 
release of the hormone by the pituitary, which in turn stimulates the release of the appropriate 
hormone. As the level of the target hormone rises in the blood, this is deteeted by reeeptors in 
the hypothalamus and the stimulus for the release of the stimulating faetor is removed, and thus 
release of this faetor is reduced. A elassie example of this system is the release of thyrotropin- 
releasing hormone (TRH) and the subsequent release of TSH by the anterior pituitary gland, 
which is deseribed further on in this ehapter. 

The pituitary gland seeretes at least nine major hormones and is the size and shape of a pea 
on a stalk.The pituitary gland is functionally and anatomieally divided into two parts: 


• The posterior lobe (neurohypophysis) is made up mostly of nerve fibres that originate in the 
hypothalamus and terminate on the surface of eapillaries in the posterior lobe. The posterior 
lobe releases two hormones that it reeeives direetly from the hypothalamus. In this sense it is in 
faet a storage area ratherthan a gland in the true sense of the term.The hypothalamus and the 
posterior pituitary are linked by a nerve bundle ealled the hypothalamie-hypophyseal traet. 


Hypothalamus 


Anterior lobe 



Fìgure 15.6 The hypothalamus and pituitary gland. 
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• The anterior lobe (adenohypophysis) is much larger than the posterior lobe and partly 
surrounds the posterior lobe and the infundibulum. It is made up of glandular tissue and 
produces and releases several hormones. The hypothalamus and the anterior pituitary have 
no direet nerve eonneetions but do have a vascular (blood vessel) eonneetion known as the 
hypothalamo-hypophyseal portal system, whereby venous blood from the hypothalamus 
flows to the anterior lobe.Thus, eontrol of the anterior pituitary is by releasing and inhibiting 
faetors (or hormones) released by the hypothalamus. 

Hormones that are seereted by the posterior pituitary are the following. 


• Oxytocìn: Oxytocin has an effeet on uterine eontraetion in ehildbirth and is responsible for 
the'let down'response in breastfeeding mothers (the release ofmilkin response tosuckling). 
In men and non-pregnant women it appears to play a role in sexual arousal and orgasm 
(Jenkins and Tortora, 2013). 

• Antìdìuretìc hormone (ADH): Llnder resting eonditions, large quantities of ADH accumulate 
in the posterior pituitary; excitation by nervous impulses leads to the release of the ADH from 
where it is stored into the adjaeent blood vessels.The effeets of ADH are that it inereases water 
retention by the kidneys by inereasing the permeability of the eolleeting ducts in the kidneys. 
The seeretion of ADH is stimulated: 


o by inereased plasma osmolality- inereased levels of eertain substances in the plasma, such 
as sodium; 

o by deereased extracellular fluid volume; 
o by pain and other stressed states; 
o in response to eertain drugs. 
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eiinieal eonsiderations 

Syndrome of inappropriate ADH seeretion (SiADH) 

Though relatively rare, SIADH is a potentially life-threatening eondition that causes a reduced 
blood sodium level. The pathophysiology varies, but one type is thought to be due to ehanges in 
the ability of the hypothalamus to deteet a deerease in blood osmolality, and thus ADH release is 
not reduced and the blood volume inereases, reducing the eoneentration of sodium relative to 
the volume of blood. In the elderly it is thought that the eells of the hypothalamus inerease ADH 
production with inereasing age. dinieally deteetable SIADH has many potential causes, including 
several eommonly used medieations (such as morphine, loop diuretics, angiotensin-eonverting 
enzyme inhibitors and many antidepressants), some neurological disorders, several types of 
eaneer and hypothyroidism. It is the most eommon cause of hyponatraemia in eritieal eare patients 
(Friedman and Cirulli, 2013) and is also eommon in the elderly. 

The symptoms of SIADH includes loss of appetite, nausea, weakness, confusion and delirium. In 
the elderly the diagnosis of SIADH ean be late as one of the eommon presenting faetors is altered 
mental states (including confusion) which ean be mistakenly aseribed to many other faetors or 
eonditions such as dementia, infeetion and cerebrovascular events (Nelson and Robinson, 2012). 

The diagnosis of SIADH includes the deteetion of a low blood sodium eoneentration with a 
normal blood volume (euvolaemia). 

The treatment of SIADH involves fluid restrietion, thus inereasing relative sodium levels in the 
blood by reducing blood volume and where possible treating the cause. In eases requiring urgent 
treatment hypertonie saline (3% saline) ean be infused to temporarily inerease the blood sodium 
level (Gross, 2012). 
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Hormones released by the anteríor pitoítary gland 

Table 15.2 summarises the range of hormones released by the anterior pituitary gland and 
the releasing or inhibiting hormones (or faetors) from the hypothalamus that influence this 
release. 

There are five types of pituitary eell in the anterior lobe: 

• somatotropes, which seerete growth hormones; 

• laetotropes, which seerete prolaetin; 

• thyrotropes, which seereteTSH; 

• gonadotropes, which seerete luteinising hormone (LH) and follicle-stimulating hormone 
(FSH); 

• eortieotropes, which seerete adrenoeortieotropie hormone (ACTH). 


Grovvth hormone 

Effeets 

As its name suggests, growth hormone promotes the growth of bone, eartilage and soft tissue 
by stimulating the production and release of insulin-like growth faetor (IGF-1). 
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Growth hormone release from the anterior pituitary is regulated by the release of growth- 
hormone-releasing hormoneand growth-hormone-release-inhibiting hormone (somatostatin) 
by the hypothalamus. Both growth hormone and IGF-1 produce a negative feedbaek effeet on 
the hypothalamus. 


Table 15.2 Hormones released by the hypothalamus and the anterior pituitary gland 


Hypothalamus 

Anteríor pítuítary gland 

Target organ or 
tíssues 

Aetíon 

Growth-hornnone-releasing 

faetor 

Growth hormone 

Many (espeeially 
bones) 

Stimulates growth of body 
eells 

Growth-hornnone-release- 
inhibiting faetor 

Growth hormone (inhibits 
release) 

Many 


Thyroid-releasing hormone 
(TRH) 

Thyroid-stimulating hormone 
(TSH) 

Thyroid gland 

Stimulates thyroid 
hormone release 

Gortieotropin-releasing 
hormone (CRH) 

Adrenoeortieotropie hormone 
(ACTH) 

Adrenal cortex 

Stimulates eortieosteroid 
release 

Prolaetin-releasing hormone 

Prolaetin 

Breasts 

Stimulates milk production 

Prolaetin-inhibiting hormone 

Prolaetin (inhibits release) 

Breasts 


Gonadotropin-releasing 

hormone 

Follicle-stimulating hormone 
Luteinising hormone 

Gonads 

Various reproductive 
functions 


Soaree: Nair and Peate (2009). Reproduced with pernnission of John Wiley & Sons. 
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Prolaetín 

Effeets 

Prolaetin stimulates the seeretion of milk in the breast. 


Regulation 

Seeretion is inhibited by the release of dopamine from the hypothalamus. Seeretion ean be 
intermittently inereased by the release of prolaetin-releasing hormone from the hypothalamus 
in response to the baby suckling at the breast. 


Follicle-stímulatíng hormone and luteínising hormone 
(gonadotrophins) 

Effeets 

In males, FSH stimulates sperm production. In females it leads to the early maturation of ovarian 
follieles and oestrogen seeretion. 

LH is responsible for the final maturation of the ovarian follieles and oestrogen seeretion in 
females, and in males it stimulates testosterone seeretion. 
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Regalation 

In males and females, LH and FSH production are regulated by the release of gonadotrophin- 
releasing hormone (GnRH).Testosterone and oestrogen exert a negative feedbaek effeet on the 
release of GnRH from the hypothalamus. 


Thyroid-stimulating hormone 

Effeets 

TSH stimulates the aetivity of the eells of the thyroid gland leading to an inereased production 
and seeretion of T^ and triiodothyronine (T^). 


Regalation 

TSH is produced and released in response to the release of TRH from the hypothalamus. The 
hypothalamus ean also inhibit the release of TSH through the aetion of somatostatin. 

Free T^ and T^ in the blood have a direet negative feedbaek effeet on the hypothalamus and 
the anterior pituitary gland. 


Adrenoeortieotrophie hormone 

Effeets 

ACTH stimulates the production of eortisol and androgens from the cortex of the adrenal 
gland. It also leads to the production of aldosterone in response to inereased eoneentrations of 
potassium ions, inereased angiotensin levels or deereased total body sodium. 
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Regalation 

ACTH is seereted from the anterior pituitary in response to the seeretion of eortieotropin-releasing 
hormone (CRH) from the hypothalamus. Excitation of the hypothalamus by any form of stress 
leads to the release of CRH and the subsequent release of ACTH and then eortisol. Cortisol exerts 
a direet negative feedbaek on the hypothalamus and the anterior pituitary gland. 


►TlTsltMiItl 


Mary is a 50-year-old lady who has been referred to the endoerinologist by her GR Mary has 
been reporting inereasing weight gain, espeeially in the faee and on the baek of the neek. At the 
same time she has notieed excessive hair growth on her faee and neek. On questioning, the 
endoerinologist fìnds out that Mary has also notieed that her skin is bruising easily and she is 
eonstantly tired. 

The doetor suspects that Mary has Cushing's disease, which is a disease caused by excess levels 
of eortisol in the body.There are several potential causes for Cushing's disease, with the most eommon 
being the long-term use of high-dose glucocorticoid medieation. Mary does not take any mediea- 
tion normally and this leads the doetor to suspect that Mary may have a tumour that is causing the 
inereased production of eortisol. Mary has bloods taken to measure her eortisol levels and a 24-h 
urine analysis is earried out; both show elevated eortisol levels. 

Magnetie resonanee imaging shows that Mary has a tumour of her pituitary gland, which is causing 
an inereased production of ACTH (eortieotroph adenoma). 

Mary is rapidly passed on totheeare of a neurosurgeon for an operation known as transsphenoidal 
hypophyseetomy (the removal of the pitultary gland via the nasal eavity). The procedure ean 
remove part or all of the pituitary gland (Liubinas etal., 2011). 

In Mary'sease it was neeessary to removethe wholegland. Following this procedure Mary will no 
longer have a pituitary gland and will no longer produce any of the pituitary hormones, including 
TRH and ACTH.The loss ofTRH and ACTH production will mean there will be no stimulus for the 
thyroid gland and the adrenal glands to produce hormones, leading to the need for hormone 
replaeement therapy for hypothyroidism and hypoadrenalism. 


The thyroíd gland 

The thyroid gland is a butterfly-shaped gland loeated in thefront of the neekon the traehea just 
below the larynx (Figure 15.7). It is made up of two lobes joined by an isthmus (a narrow strip; 
isthmus = neck).The upper extremities of the lobes are known as the upper poles and the lower 
extremities the lower poles. Eaeh lobe is made up of hollow, spherieal follieles surrounded by 
eapillaries. This leads to an abundant blood supply; although the thyroid gland accounts for 
0.4% of the total body weight it reeeives 2% of the circulating blood supply. 

The follieles are eomprised of a single layer of epithelial eells that form a eavity that eontains 
thyroglobulin molecules with attaehed iodine molecules; the thyroid hormone is ereated from 
this. One unique faetor of the thyroid gland is its ability to ereate and store large amounts of 
hormone; this ean be up to 100 days of hormone supply (Guyton and Hall, 2006). The thyroid 
gland releases two forms of thyroid hormoneiT^ and T^; both require iodine for their ereation. 
lodide taken in with the normal diet is eoneentrated by the thyroid gland and is ehanged in 
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Fìgure 15.7 (a, b) Position of the thyroid gland and parathyroid glands. Source: Tortora and 

Derriekson (2009). Reproduced with permission of John Wiley & Sons. 


the folliele eells into iodine. This iodine is then linked to tyrosine molecules and these iodi- 
nated tyrosine molecules are then linked together to ereate T^ and T^. All the steps in thyroid 
hormone production are stimulated byTSH.T^ is the primary hormone released by the thyroid 
gland; this is then eonverted intoT^ by the target eells. Most thyroid hormone is bound to trans- 
port proteins in the blood; very little is unbound (free), and T^ is less firmly bound to transport 
proteins than isT^. 

Thyroid hormone affeets virtually every eell in the body, except: 

• the adult brain 

• spleen 

• testes 

• uterus 

• thyroid gland. 

Both T^ and T^ easily eross the eell membrane and interaet with reeeptors inside the eell. In the 
target eells, thyroid hormone stimulates enzymes that are involved with glucose oxidation.This 
is known as the ealorigenie effeet and its overall effeets are: 

• an inerease in the basal metabolie rate; 

• an inerease in oxygen consumption by the eell; 

• an inerease in the production of body heat. 

Basal metabolie rate is the amount of energy expended while at rest in a temperate environ- 
ment (not hot or eold). The release of energy in this state is enough for the functioning of the 
vital organs. As basal metabolie rate is inereased so oxygen consumption is inereased, as oxygen 
is required in the production of energy. 
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(mostly T 4 ) 

Fìgure 15.8 Negativefeedbaekeontrol ofthyroid hormone production. 


Thyroid hormone also has an important role in the maintenanee of blood pressure as it 
stimulates an inerease in the number of reeeptors in the walls of the blood vessels. 

The eontrol of the release of thyroid hormone is mediated by a negative feedbaek system that 
involves the hypothalamus and easeades through the pituitary gland (Figure 15.8). 

Plasma levels of thyroid hormone are monitored in the hypothalamus and by eells in the 
anterior lobe of the pituitary gland. inereased levels of T^ in the blood inhibit the release of 
TRH from the hypothalamus, thus reducing the stimulation for the release of TSH from 
the anterior pituitary gland. Thyroid hormones also have a direet negative feedbaek effeet 
on the anterior pituitary gland. The effeet of TSH on the thyroid gland is to promote the 
release of thyroid hormone into the blood; therefore, a reduction in TSH reduces the release 
of T 3 and T^. A reduced level of T^ in the blood reduces the negative feedbaek, and thus 
there is an inerease in the release of TRH, which leads to an inerease in thyroid gland func- 
tion. Gonditions that inerease the energy requirements of the body (such as pregnaney or 
prolonged eold) also stimulate the release of TRH from the hypothalamus and therefore 
lead to an inerease in blood levels of thyroid hormone. In these situations the stimulating 
eonditions override the normal negative feedbaek system (Jenkins and Tortora, 2013). The 
negative feedbaek eontrol of thyroid hormone ean be likened to a eentral heating system. 
The hypothalamus and pituitary gland are the thermostat and the thyroid gland is the 
boiler. As the room temperature inereases, the thermostat turns off the eentral heating 
boiler; when the temperature deereases, the thermostat turns the boiler on to inerease the 
temperature. 

The half-life ofT^ is approximately 7 days and the half-life ofT^ is 1 day.Thyroid hormones are 
broken down in the liver and the skeletal muscle, and while much of the iodine is reeyeled, 
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some is lost in the urine and the faeees. Therefore, there is a need for daily replaeement of 
iodide in the diet. 

eiinieal eonsiderations n 

Hypothyroidism and hyperthyroidism 

A patient's blood level of thyroid hormone ean be measured. Depending on vvhether the thyroid 
gland is overaetive or underactive, different levels of hormones vvill be shovvn by the test. Generally, 
the patient vvould have their free T^ and TSH levels assessed. 


TSH Free r 

4 


Hyperthyroidism Reduced Elevated 

Hypothyroidism Elevated Reduced 

In the ease of a patient vvith an overaetive thyroid gland (hyperthyroidism) free T^ vvill often be 
elevated butTSH levels vvill be reduced as the levels of thyroid hormone vvill be exerting a negative 
feedbaek effeet on the hypothalamus and the pituitary gland. Despite the reduced TSH levels and 
the negative feedbaek effeet on the pituitary gland as vvell, hormone levels vvill remain elevated. 

A patient vvith hypothyroidism (an underactive thyroid gland) vvill often present vvith a reduced 
freeT^and an elevated TSH as the reduced hormone levels remove the negativefeedbaekon the 
hypothalamus and the pituitary and thus TSH levels rise. The patient vvith a test results vvithin 
normal ranges is ealled 'euthyroid'. 

Siek euthyroid syndrome 

During severe illness or starvation, the metabolie drive on the human body by the thyroid is 
reduced.The term 'siek euthyroid'is used in this eondition sinee it represents a state of thyroid function 
appropriate for a siek individual; and it returns to normal vvith the return of good health. 

T 3 is largely produced by target eell eonversion ofT^. In the typieal sickeuthyroid patient, circulating 
T 3 is usually lovv but the total T^ may be normal or even raised sinee there is reduced eonversion 
toT^. Gonversely^T^ may be lovv sinee the majority is earried on serum-binding proteins and their 
synthesis may be suppressed by severe illness. In these eases the absenee of a raised TSH excludes 
a diagnosis of primary hypothyroidism (MeDermott 2014). 

Gritieally ill patients vvith siek euthyroid syndrome are knovvn to have inereased rates of 
mortality, but at present the routine testing of thyroid function in the eritieally ill is not reeom- 
mended and should only be earried out vvhen there is elinieal suspicion of hypothyroidism 
(Economidou etal., 2011). 


In addition to the thyroid epithelial eells there are C eells, vvhieh are found betvveen the follieles 
and seerete ealeitonin. Galeitonin is involved in the metabolism of calcium and phosphorus 
vvithin the body. It deereases calcium levels in the blood by reducing the aetivity of osteoelasts 
(eells that'digest'bone and thus release calcium and phosphorus into the blood); due to this 
aetion, ealeitonin is used as a treatment for osteoporosis and may also have a future role in 
the treatment of osteoarthritis (Mero etal., 2014). Galeitonin also inhibits the reabsorption of 
calcium from urine in the kidneys. 
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Snapshot 

Holly is a 24-year-old woman who has been experiencing symptoms of lethargy, a loss of appetite, 
weight gain and mild depression. Initially her GP deeided her symptoms were due to Holly's life- 
style and advised Holly about getting sufficient rest and exercise. As the months went by the symp- 
toms did not improve and Holly began to lose her hair. Holly's GP took blood and sent it to the loeal 
hospital for thyroid function testing.The results showed an inerease in TSH and a deerease in free 
T 4 / suggestive of hypothyroid disease. 

The GP preseribed Holly levothyroxine but warned her that it would be several weeks (if not 
months) before she felt eompletely better and in the meantime there would be a need for repeated 
blood tests to monitor her blood levels of T^ to ensure that she is reeeiving the eorreet dose. 

Levothyroxine is a synthetie version of the hormoneT^ and is generally free from side effeets at 
the eorreet dose. Levothyroxine should be taken at the same time every day, preferably on an 
empty stomaeh. Where possible, patients are advised to take their levothyroxine an hour before 
breakfast. 

Holly should also be counselled that before she intends to beeome pregnant she should discuss 
this with her endoerinologist. Preeoneeption measurement of thyroid replaeement levels is advised 
as low levels of maternal T^ in the fìrst trimester are assoeiated with intellectual impairment in the 
baby. Levothyroxine requirements inerease by about 50% in pregnaney, and the patient should be 
advised to inerease their dose as soon as they are aware that they are pregnant (Weetman, 2013). 


The parathyroìd glands 

The parathyroid glands (Figure 15.7) are small glands loeated on the baek (posterior) of the thy- 
roid gland. There are usually two pairs of glands, but the preeise number varies, and some 
patients have been reported to have up to four pairs (Marieb and Hoehn, 2007). The eells that 
ereate and seerete parathyroid hormone (parathyroid ehief eells) are arranged in eords or nests 
around a dense eapillary network. Parathyroid hormone is the single most important hormone 
for the eontrol of the calcium balanee in the body. Its major target eells are in the bones and the 
kidneys; it 

• inereases intestinal calcium absorption; 

• stimulates renal calcium absorption; 

• stimulates osteoelast aetivity, and therefore reabsorption of calcium from the bones. 

Physiologieally, calcium is important in the transmission of nerve impulses, is involved in mus- 
ele eontraetion and is also required in the ereation of elotting faetors in the blood.The regulation 
of parathyroid hormone synthesis and seeretion is in response to the levels of calcium in the 
blood, which is monitored by eells in the gland. A reduced blood calcium level leads to an 
inerease in the synthesis and seeretion of parathyroid hormone. 

Galeitriol is a hormone released by the kidneys in response to a deerease in calcium ions in the 
blood; it is known to have some effeet on parathyroid hormone seeretion and inhibits the release 
of ealeitonin. It also promotes the absorption of calcium from the gut and the reabsorption of 
calcium from the renal tubules. Parathyroid hormone is a known stimulus for the release of eal- 
eitriol, but when ealeitriol levels aehieve a high enough level its effeet ehanges to that of inhibit- 
ing the release of parathyroid hormone. This prevents an uncontrollable inerease in calcium in 
the blood. 
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Snapshot 

Peter is a 74-year-old gentleman with ehronie renal failure. He has been persistently reporting 
severe bone and joint pains. Blood tests have shown that Peter has high levels of parathyroid hor- 
mones but low levels of calcium. Peter has seeondary hyperparathyroidism related to his renal 
disease. 

The destruction of the kidney ean lead to a loss of the ereation and release of ealeitriol, and thus 
a reduction in the blood levels of calcium. In response to this the parathyroid gland inereases the 
production and release of parathyroid hormone and beeomes hypertrophied (hypertrophy is the 
enlargement of an organ). 

The elinieal treatment of seeondary hyperparathyroidism is focused on the prevention of osteo- 
porosis by the administration of calcium and an aetive form of vitamin D. Vitamin D is required to 
aid the absorption of calcium from the intestines. Normally, vitamin D is eonverted into an aetive 
form by the kidneys, but in kidney failure this eannot happen; thus, the patient has to take an aetive 
form of vitamin D. 

If the parathyroid glands do not respond to the inerease in calcium levels and blood levels of 
parathyroid hormones remain high, surgery may be eonsidered to remove the parathyroid glands. 
Researeh has been undertaken to trial a ealeimimetie drug to mimie the effeet of calcium on the 
parathyroid glands and thus reduce the production of parathyroid hormone and reduce the need 
for surgery (Ballinger etal., 2014). 


The adrenal glands 

The adrenal glands are complex, multifunctional organs whose seeretions are essential for the 
maintenanee of homeostasis. The two adrenal glands are found on the top of eaeh of the two 
kidneys (Figure 15.9). The right gland is roughly triangular in shape, and the left which is eom- 
monly the larger of the two, is ereseent-shaped. Both glands are eneased in a eonneetive tissue 
capsule and embedded in an area of fat. Adrenal glands are very vascular (have a rieh blood 
supply from many blood vessels). 

Functionally, eaeh adrenal gland is actually two glands and is eomprised of two major regions 
(Figure 15.10): 

• adrenal medulla 

• adrenal cortex. 



Fígure 15.9 Position of the adrenal glands. Soe/ree: Tortora and Derriekson (2009). Reproduced with 
permission of John Wiley & Sons. 
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Fìgure 15.10 Cross-section of an adrenal gland. Source: Nair and Peate (2009). Reproduced with 
permission of John Wiley & Sons. 

Adrenal medulla 

The adrenal medulla is the inner part of the adrenal gland; it makes up about 30% of the total mass 
of the adrenal gland.Thefunction of the adrenal medulla is the seeretion of eateeholamines: 

• adrenaline 

• noradrenaline 

• dopamine. 

The adrenal medulla is mostly a modified, densely innervated, sympathetie ganglion made up of 
granule-containing eells. Within the adrenal medulla approximately 90% of the eells seerete adrenaline 
and the remaining 10% seerete noradrenaline. It is unclear which eells seerete dopamine at this time. 
The effeets of the eateeholamines are many and varied: 

• they stimulate the nervous system; 

• they have metabolie effeets - for instanee, glyeogenolysis in the liver and skeletal muscle; 

• they inerease metabolie rate; 

• they inerease heart rate; 

• they inerease alertness - though adrenaline frequently evokes anxiety and fear; 

• noradrenaline causes signifieant widespread, vasoeonstrietion; 

• adrenaline causes vasoeonstrietion in the skin and viseera but vasodilatation in skeletal muscles. 

Although adrenaline and noradrenaline are essential for normal bodily functioning, adrena- 
line and the noradrenaline seereted by the adrenal medulla are not essential and serve only to 
intensify the effeets of sympathetie nervous stimulation. 

Seeretion of eateeholamines from the adrenal medulla is initiated by sympathetie nervous 
aetivity eontrolled by the hypothalamus and occurs in response to 

• pain 

• anxiety 

• excitement 

• hypovolaemia 

• hypoglyeaemia. 

The medulla reeeives its blood supply from the adrenal cortex rieh in eortieosteroids. These 
regulate the production of the enzymes that eonvert noradrenaline to adrenaline. Thus, an 
inerease in eortieosteroid production leads to an inereased eonversion of noradrenaline to adren- 
aline. With emergeney stimulation of the hypothalamus there is a responding diffuse medullary 
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Fìgure 15.11 Cross-section of the adrenal cortex. Source: Nair and Peate (2009). Reproduced with 
permission of John Wiley & Sons. 

aetivity preparing for fight or flight. Gateeholamines have a very short half-life in the blood of less 
than 2 min as they are rapidly degraded by blood-borne enzymes. 

Adrenal cortex 

The outer part of eaeh adrenal gland is made up of three distinet functional layers (Figure 15.11). 
Eaeh layer is involved in the production of steroid-based hormones (known eolleetively as the 
eortieosteroids): 

• zona glomerulosa - produces the mineraloeortieoids; 

• zona fasciculata - produces the glucocorticoids; 

• zona reticularis - this zone is also involved in the production of glucocorticoids but also 
produces small amounts of adrenal sex hormones (the gonadoeortieoids). 

Míneraloeortíeoíds 

Mineraloeortieoids are the group of hormones whose main function is the regulation of the 
eoneentration of the eleetrolytes in the blood.There are several known mineraloeortieoids, but 
the most eommon is aldosterone, which accounts for 95% of all the mineraloeortieoids synthe- 
sised and is also the most potent. 

The effeet of aldosterone is to reduce the excretion of sodium in the urine by regulating the 
reabsorption of sodium from the urine in the distal portion of the renal tubules. Sodium is in 
effeet exchanged for potassium and hydrogen, which results in the renal excretion of potassium 
and aeidie urine. Aldosterone also has an effeet on the levels of water in the body and several 
other ions (including potassium, biearbonate and ehloride) due to the faet that their regulation 
is coupled to the regulation of sodium in the body. The eontrol of aldosterone seeretion is pri- 
marily related to the blood eoneentrations of sodium (Na+) and potassium (K+), the mean arterial 
blood pressure and blood volume. inereased eoneentrations of potassium, reduced blood eon- 
eentrations of sodium and a reduction in blood pressure and/or blood volume all stimulate the 
release of aldosterone, while the opposite inhibits release (Figure 15.12). High blood levels of 
potassium are also known to have a direet effeet on the adrenal cortex in the stimulation of 
aldosterone production and seeretion. 

There are several meehanisms that regulate the release of aldosterone. The primary eontrol 
meehanism isthe production of angiotensin II by the renin-angiotensin system in response to 
reduced blood pressure in the kidneys or reduced sodium delivery to the distal tubules of the 
kidneys. Raised levels of potassium and reduced levels of sodium in the blood are also known to 
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Fìgure 15.12 Gontrol of aldosterone seeretion. Source: Nair and Peate (2009). Reproduced with per- 
mission of John Wiley & Sons. 


have a direet effeet on the adrenal cortex and stimulate the release of mineraloeortieoids. 
However, in response to a severe, non-speeifie stressor, hypothalamie release of CRH stimulates 
the inereased release of AGTH.This inerease in ACTH stimulates a slight inerease in the release 
of aldosterone, leading to a slight inerease in blood volume and pressure, which will help to 
maintain delivery of oxygen and nutrients to the tissues. 

Glucocortìcoìds 

There appears to be no eell within the body that does not have reeeptors for the glucocorticoid 
hormones.The glucocorticoid hormones have several effeets: 

• they influence the metabolism of most body eells; 

• they promote glyeogen storage in the liver; 

• during fasting they stimulate the generation of glucose; 

• they inerease blood glucose levels; 

• they are involved in providing resistanee to stressors; 

• they potentiate the vasoeonstrietor effeet of eateeholamines; 
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• they deerease the permeability of vascular endothelium; 

• they promote the repair of damaged tissues by promoting the breakdovvn of stored protein 
to ereate amino aeids; 

• they suppresstheimmunesystem; 

• they suppress inflammatory proeesses. 

The glucocorticoid hormones include: 

• eortisol (hydroeortisone) 

• eortisone 

• eortieosterone. 


Only eortisol is seereted in any signifieant amounts. Gortisol is normally released in a rhythmi- 
eal pattern, vvith most being released shortly after the person gets up from sleep and the lovvest 
amount being released just before, and shortly after, sleep eommenees. 

Gortisol release is stimulated by ACTH from the anterior pituitary gland. ACTH releases eholesterol 
from the eytoplasm in the eells, vvhieh is then eonverted and modified to ereate the steroid hormones. 
ACTH seeretion is regulated by the release of CRH from the hypothalamus. inereasing levels of eorti- 
sol have a negative feedbaek effeet on both the hypothalamus and the pituitary gland, inhibiting 
further release of both CRH and ACTH. Hovvever, this negative feedbaek system ean be overridden by 
acute physiologieal stress (for instanee, trauma, infeetion or haemorrhage) and mental stress. The 
inerease in sympathetie nervous system aetivity in response to an acute stress triggers greater CRH 
release, and thus there is a signifieant inerease in subsequent eortisol production (Figure 15.13). 
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Fìgure 15.13 Response of the endoerine system to stress. Soi/ree: Nair and Peate (2009). Reproduced 
vvith permission of John Wiley & Sons. 
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eiiníeal eonsideratíons 

Glucocorticoid steroids and inflammatory diseases 

Synthetie glucocorticoid steroid hormones are used vvidely in healtheare for the suppression of 
inflammation in diseases such as arthritis, ulcerative eolitis and acute severe asthma. Hovvever, 
after taking glucocorticoid steroids such as prednisolone for a signifìeant length of time (except 
in asthma inhalers), steroid treatment should be gradually reduced, not stopped suddenly. Trials 
have shovvn that a short-term (5 days) course of high-dose prednisolone (60 mg) led to some 
suppression of ACTH production in ehildren, but this did not require a tapering dose of steroids 
to prevent hypoadrenalism. Hovvever, it is felt that these patients should be counselled as to the 
potential symptoms of hypoadrenalism and to seek medieal aid if these symptoms did appear 
(Grovvley et al., 2014). 

The eonstant intake of synthetie steroids for long-term treatment of inflammatory disease 
leads to a reduction in the production of steroids by the adrenal cortex (probably due to 
reduced CRH and ACTH seeretion because of negative feedbaek to the hypothalamus and 
pituitary gland), and suddenly stopping steroid treatment may leave the patient vvith reduced 
levels of glucocorticoid steroids in their blood and may lead to a life-threatening hypoadrenal 
erisis. Thus, the patient vvill be advised to take a gradually reducing dose of steroids to allovv 
the hypothalamus, pituitary gland and adrenal glands to respond to the reduclng blood levels 
of steroids. 

The need for adherenee tothe preseribed regimen of any course of steroid medieation and adviee 
on vvhat to do in the event of gastrointestinal disease preventing the patient taking their steroids 
must be impressed on the patient. The patient should also earry a blue 'steroid eard' at all times 
detailing the dose and type of steroid taken so that healtheare professionals ean respond appropri- 
ately, even vvhen the patient is unconscious. 


Panereas 

The panereas is an elongated organ and is found next to the first part of the small intestine.The 
panereas is eomposed of tvvo different types of tissues.The majority of the panereas is made up 
of exocrine tissue and the assoeiated ducts. This tissue produces and seeretes a fluid rieh vvith 
digestive enzymes into the small intestine. Seattered throughout the exocrine tissue are many 
small clusters of eells ealled islets of Langerhans (islets).These islets are the site of the endoerine 
eells of the panereas. Eaeh islet has three major eell types, eaeh of vvhieh produces a different 
hormone: 

• alpha eells, vvhieh seerete glucagon; 

• beta eells, the most abundant of the three eell types and vvhieh seerete insulin; 

• delta eells, vvhieh seerete somatostatin. 

The different eell types vvithin eaeh islet are distributed in a set pattern, vvith the beta eells 
being the eentral portion of the islet surrounded by alpha and delta eells. The islets are 
highly vascularised, ensuring rapid transit of the hormones into the bloodstream. Although 
the islets only account for 1 -2% of the mass of the panereas they reeeive about 10-15% of 
the panereatie blood flovv. The panereas is innervated by the parasympathetie and sympa- 
thetie nervous systems, and it is elear that nervous stimulation influences the seeretion of 
insulin and glucagon. 
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líeínes management 


Type 2 diabetes 

George is a 56-year-old gentleman who has reeently been diagnosed with type 2 diabetes. 
For the last few months he has notieed that he feels inereasingly thirsty and is also eonstantly 
tired. George has been reluctant to go to the GP as he does not feel that there is anything 
really wrong with him and he does not like to bother the doetor anyway. During a routine 
health sereening the praetiee nurse earries out a dipstiek test on George's urine and it is 
found that there is a signifieant level of glucose in it.The diagnosis is made of type 2 diabetes; 
in addition to being educated about lifestyle and dietary ehanges, George is preseribed 
metformin. 

Metformin is an oral antidiabetie drug that is normally used as the first-line drug in the 
treatment of type 2 diabetes. It works by reducing the amount of glucose produced by the 
liver. In order to try to prevent the development of gastrointestinal side effeets the GP has 
deeided to start George on a relatively low dose of metformin and then to slowly inerease the 
dose. If George is unable to tolerate metformin due to gastrointestinal side effeets, current 
guidelines suggest a trial of extended absorption metformin (National lnstitute for Health 
and Care Excellence, 2009). 


Insulìn 

lnsulin is well known for its effeet in reducing the blood glucose levels. It does this by: 

• Faeilitating the entry of glucose into muscle, adipose tissue and several other tissues. Note 

that the brain and the liver do not require insulin to faeilitate the uptake of glucose. 

• Stimulating the liver to store glucose in the form of glyeogen. 

However, as well as its effeets on glucose, insulin is known to have an effeet on protein and 
mineral metabolism. Finally, insulin has an effeet on lipid metabolism. As has been noted, insulin 
promotes the synthesis of glyeogen in the liver. As glyeogen accumulation in the liver rises to 
higher levels (5% of the total liver mass), further glyeogen synthesis is suppressed. Further 
uptake of glucose is then diverted by insulin intothe production of fatty aeids, and insulin inhib- 
its the breakdown of fat in adipose tissue and faeilitates the production of triglyeerides from 
glucose for further storage in these tissues. 

From a whole-body perspeetive, insulin has a fat-sparing effeet in that it promotes the use of 
glucose instead of fatty aeids and stimulates the storage of fat in the adipose tissue. 

The stimulation of insulin synthesis and seeretion is primarily a response to a rise in 
blood glucose levels, but rises in blood levels of amino aeids and fatty aeids also have a 
stimulating effeet. Some neural stimuli, for instanee the sight and smell of food, also 
inerease insulin seeretion.The panereas is innervated by the sympathetie and parasympa- 
thetie nervous systems, and nervous stimulation elearly influences the seeretion of insulin 
(and glucagon). 

As blood glucose levels fall there is a eorresponding fall in the production and seeretion of 
insulin. When insulin levels in the blood fall, glyeogen synthesis in the liver reduces and enzymes 
that breakdown glyeogen beeome aetive.The half-life of insulin is approximately 5 min and it is 
destroyed in the liver. 
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Medíeines management ~ 

lnsulin 

There are more than 20 types of insulin available in four basie forms. Insulin types have three impor- 
tant faetors to be eonsidered when preseribing and using them: 

1 . how soon they start working (onset); 

2 . when they work the hardest (peak time); 

3. how long they last in the body (duration). 

The deeision as to which insulin to preseribe a patient is based on multiple faetors, including the 
patienfs lifestyle and blood sugar levels. 

On the ward, insulin is usually stored in the fridge, but eold insulin inereases the pain of the injee- 
tion and slows down the insulin absorption, so for better injeetion eomfort and insulin effieieney it 
is advisable to take the insulin out of the refrigerator a minimum of 1 h prior to injeetion. 

Insulin pens 

Patients should be advised notto store insulin pens in thefridge (espeeially with the needle attaehed). 
Refrigerating a fluid leads to it eontraeting and warming it up causes it to expand. This is espeeially 
dangerous with cloudy insulins.Taking cloudy insulin from thefridgeand allowing itto warm in a pen 
with needle attaehed ean lead to the leakage of either the insulin or the inert earrier fluid, thus ehang- 
ing the strength of the insulin preparation. Leakage into the needle also leads to the formation of 
insulin erystals, which ean bloekthe needle and ehange the injeetion pressure or the amount injeeted. 

Taking a pen (and needle) from the warm and putting it into the fridge leads to the eontraetion of the 
fluid and the development of air bubbles. Air bubbles are eompressible and lengthen injeetion time. 
Even after the standard 10 s count insulin ean still be leaking from the needle when it is withdrawn. 

Llnopened pen eartridges are stored in a fridge, but onee inserted into an insulin pen the pen 
should be kept out of the fridge.The insulin ean be stored at room temperature for 30 days (Straehan 
and Frier, 2013). 

Premixed ínsulíns 

When a patient (or nurse) is going to administer a cloudy, or premixed, insulin it is important that 
the pen or vial is rotated end over end 10 times (not shaken), otherwise the insulin may not be 
mixed eorreetly (Frid etal., 2010). Researeh has shown that patients are often confused about this 
technique, and the actual mixing of insulin by patients has a large variation that may be affeeting 
glyeaemie eontrol (Brown etal., 2004). 



Hypoglyeaemia 

Hypoglyeaemia is a eonstant worry in the patient with diabetes, and as many hypoglyeaemie 
episodes are assoeiated with exercise, the fear of hypoglyeaemia prevents many patients with 
diabetes from undertaking regular exercise (Younk etal., 201 l).This is unfortunate, as exercise is 
one of the eornerstones in the prevention of diabetes-related eomplieations and also aids in the 
eontrol of diabetes by aiding weight loss and promoting vascular health (reducing heart attaek 
and stroke risk). 

(Continuecl) 
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Current guidelines suggest that the promotion of exercise in patients with both type 1 and type 
2 diabetes should be assoeiated with guidance on the management of blood sugar level ehanges 
assoeiated with exercise. The patient should take their blood sugar before and after exercise and 
again several hours later. Patients with either very high or very low blood sugars should avoid exer- 
eising until the blood sugar has normalised (Kourtoglou, 2011). The patient may be advised to 
either omit the insulin dose prior to exercise or consume a earbohydrate load (such as a earbohy- 
drate drink) before exercise (Ameriean Diabetes Assoeiation, 2010). 

Any patient with diabetes who is eonsidering exercise as part of their diabetes management 
should be encouraged, but they should always be advised to consult with their endoerinologist 
fìrst for adviee on the intensity and timing of exercise. 


Glucagon 

Glucagon has an important role in maintaining normal blood glucose levels, espeeially as the 
brain and neurones ean only use glucose as a fuel. 

Glucagon has the opposite effeet on blood glucose levels to insulin (Figure 15.14); it: 


• stimulates the breakdown of glyeogen stored in the liver; 

• aetivates hepatie gluconeogenesis (the ereation of glucose from substrates such as amino aeids); 

• has a minor effeet enhaneing triglyeeride breakdown in adipose tissue - providing fatty aeid 
fuel for most eells, and thus eonserving glucose for the brain and neurones. 
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The production and seeretion of glucagon are stimulated in response to a reduction in blood 
glucose eoneentrations and elevated blood levels of amino aeids (for instanee, after a protein- 
rieh meal). It has also been found that glucagon levels in the blood rise in response to exercise, 
but it is unclear whether this is a response to the exercise itself or a response to the reduced 
blood glucose levels that exercise ereates. 



Fígure 15.14 Effeets of insulin and glucagon on blood glucose eoneentrations. 
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Glucagon production and seeretion are inhibited when there is inereased glucose levels in the 
blood; however, it is unknown whether this is a direet effeet of the glucose levels or a response 
to rising levels of insulin, as insulin is known to inhibit the release of glucagon. 

Somatostatìn 

Somatostatin is actually released by a broad range of tissues. Its physiologieal effeet in the 
panereas is to inhibit the release of insulin and glucagon; it does this in a paraerine fashion; that 
is, the hormone is released and has its effeet loeally. The exact meehanism of eontrol of this 
hormone is unknown. 

Conclusìon 

This ehapter has introduced the reader to the endoerine system, a diverse system that is one of the 
two bodily systems neeessary for the maintenanee of haemostasis. While often working in elose 
conjunction with the nervous system, the endoerine system is often responsible for the eontrol of 
longer term proeesses.The major functions of the endoerine system are based on four main areas: 

• the maintenanee of homeostasis (espeeially eleetrolyte levels and fluid balanee); 

• metabolism; 

• growth and development; 

• responses to stress. 

The seeretion of hormones ean be stimulated by nervous impulses, hormones or ehanges in 
the body levels of ions and nutrients; and further regulation of hormone release is then often 
eontrolled by negative feedbaek loops. Hormones ean only have an effeet on a eell if that eell has 
a reeeptor for the hormone; however; there appears to be virtually no eell within the body that 
is not affeeted by the endoerine system. 



Amíno aeìd Ghemieal compound that is the basie building bloek of proteins and enzymes. 
Garbohydrate A group of compounds (including starehes and sugars) that are a major food source. 
eateeholamìnes A eolleetive term for adrenaline, noradrenaline and dopamine. 

Cortex The outermost layer of an organ. 

eortìeosteroíds Steroid hormones released by the adrenal cortex, further divided into glucocor- 
tieoids and mineraloeortieoids. 

eortìsol The major glucocorticoid steroid released by the adrenal gland. 
eytoplasm The part of the eell enelosed within the eell membrane. 

Downregulatíon The reduction in the number of hormone reeeptors of a eell, often the response 
of a eell to prolonged periods of high circulating levels of a hormone. 

Eleetrolytes A group of ehemieal elements or compounds that includes sodium, potassium, 
calcium, ehloride and biearbonate. 

Fatty aeids Dietary fats that have broken down into elements that ean be absorbed into the blood. 
FreeT^ Thyroxine in the blood that is not bound to proteins. 

Ganglíon A mass, or group, of nerve eells. 

Gland Any organ in the body that seeretes substances not related to its own, internal, functioning. 
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Glucocortìcoìds A group of hormones that exert their major effeet on the metabolism of earbohydrates. 
Gluconeogenesìs Greation of new glucose from non-earbohydrate substrates. 

Glyeogen A earbohydrate (complex sugar) made from glucose. 

Glyeogenolysìs Breakdown of glyeogen to ereate glucose. 

Hormonal stìmulatìon Stimulation of a gland that produces a ehange in the aetivity of that gland 
in response to hormones released by other organs. 

Hormone Chemical substance that is released into the blood by the endoerine system, and has a 
physiologieal eontrol over the function of eells or organs other than those that ereated it. 

Humoral stìmulatíon Stimulation of a gland that produces a ehange in the aetivity of that gland in 
response to ehanging levels of eertain ions and nutrients in the blood. 

Hyperglyeaemìa High blood levels of glucose. 

Hypoglyeaemìa Low blood levels of glucose. 

Hypovolaemía Low levels of fluid in the circulation. 

lon An atom or group of atoms that earry an eleetrieal eharge. 

Lìpíds A group of organie compounds, including the fats, oils, waxes, sterols and triglyeerides. 
Medolla The most internal part of an organ. 

Mìneraloeortíeoìds A group of hormones released by the adrenal glands that exert their effeet on 
the eleetrolytes and water balanee in the body. 

Neural stìmulatìon Stimulation of a gland that produces a ehange in the aetivity of that gland in 
response to direet nervous aetivity. 

Osmotìe The movement of water through a semi permeable barrier from an area of lowconcentration 
of a ehemieal to an area of high eoneentration of a ehemieal. 

Osteoelasts Atype ofeell that breaks down bonetissue and thus releases the calcium used to ereate bones. 
Substrate A molecule on which an enzyme aets. 

Trìglyeerìdes A form of fatty aeid having three fatty aeid eomponents. 

Upregulatìon The inerease of hormone reeeptors of a eell, usually in response to low circulating 
levels of a hormone. 
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Further readìng 

Brìtísh Thyroíd Foundatíon 

http://www.btf-thyroid.org/ 

The British Thyroid Foundation is a eharity dedieated to helping people with thyroid disorders 
and their families. The website includes video stories of patient journeys and quick referenee 
guides about thyroid diseases. 

Addìson's Disease Self Help Group 

http://www.addisons.org.uk/ 

The Addison's Disease Self Help Group is a eharity that aims to provide information about 
Addison's disease to patients, families and professionals. There are many publications on the 
site, including a guide speeifieally aimed at nurses. 

Díabetes UK 

http://www.diabetes.org.uk/ 

Diabetes UK is the country's leading eharity for people with diabetes. As well as providing infor- 
mation for patients and their families it is also a pressure group, eampaigning both for better 
diabetes eare and funding diabetes researeh. 
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Aetìvìties 

Maltiple ehoíee questions 

1 . The reeeptors for amino aeid-based hormones arefoond: 

(a) on the eell wall 

(b) insidetheeell 

(e) inside the eell nucleus 

(d) none of the above 

2. What stimulates the release of glucagon from the panereas? 

(a) high levels of blood glucose 

(b) high levels of amino aeids in the blood 

(e) high levels of calcium in the blood 

(d) high levels of sodium in the blood 

3. Where in the body are the adrenal glands? 

(a) in the ehest 

(b) behind the thyroid gland 

(e) next to the stomaeh 

(d) on top of the kidneys 

4. The eoneentration of a hormone at the target eell is determined by: 

(a) the rate of hormone production 

(b) the rate of delivery of the hormone 

(e) the half-life of the hormone 

(d) all of the above 

5. Adrenaline and noradrenaline are released in response to stimulation from: 

(a) the parasympathetie nervous system 

(b) the sympathetie nervous system 

(e) the enterie nervous system 

(d) somatie nervous system 

6. The eonneetion between the hypothalamus and the anterior pituitary gland is: 

(a) lymphatie 

(b) neural 

(e) vascular 

(d) humoral 

7. The average person has how many parathyroid glands? 

(a) 2 

(b) 4 

(e) 6 

(d) 8 

8. Thyroid hormone requires what to be produced? 

(a) amino aeids 

(b) iodine 

(e) lipids 

(d) proteins 

9. Which eells in the panereas produce insulin? 

(a) alpha 

(b) beta 

(e) delta 
(d) gamma 
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True or 

1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 
9. 

10 . 


ACTH is seereted by: 

(a) the posterior pitoitary gland 

(b) the anterior pituitary gland 
(e) the hypothalamus 

(d) the adrenal gland 

false 

Antidiuretic hormone is released from the anterior pituitary gland. 
Gonadotropes seerete luteinising hormone. 

Follicle-stimulating hormone stimulates sperm production. 

Bound T^ in the blood has a negative effeet on T^ release. 

The thyroid gland ean storeT^ for up to 100 days. 
lodine is required for the production of thyroid hormone. 

Galeitriol is released by the kidneys. 

Aldosterone accounts for 75% of mineraloeortieoids. 

Alpha eells in the panereas seerete glucagon. 

Insulin promotesfat breakdovvn. 
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Label the diagram 1 

Label the diagram using the follovving list of vvords: 


Parathyroid glands (behind thyroid gland), Pineal gland, Skin, Lung, Liver, Adrenal glands, 
Panereas, Small intestine, Scrotum, Hypothalamus, Pituitary gland, Thyroid gland, Traehea, 
Thymus, Heart, Stomaeh, Kidney, Uterus, Ovary,Testes 
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Label the diagram 2 

Label the diagram using the follovving list of vvords: 

Larynx, Thyroid gland, Epiglottis, Hyoid bone, Thyroid eartilage (Adam's apple), Grieoid 
eartilagejhyroid gland, Parathyroid glands (4),Tracheal eartilage 
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Label the diagram 3 

Label the diagram using the follovving list of vvords: 

tK\ tNa\ tBR tBlood volume, Renin angiotensin system, Non-speeifìe stress, t^ngiotensin 11, 
Hypothalamus, tACTH, Adrenal cortex, tAldosterone release, tK-i- excretion, tNa-h reabsorption, 
tVVater reabsorption, tK^ tNa+, tBR tBlood volume 
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Aldosterone, Gortisol, Graves, lnsulin, Pituitary, Amino, Exocrine, Half-life, Islet Reeeptor, Beta, 
Gland, Hypo, lsthmus, Seerete, Gholesterol, Glucagon, Hyper, Lobe, Stress, Cortex, Glyeogen, 
lmmune, Neural,Thyroxine 

Fìll In the blanks 

The influence of a_, from inside or outside the_, leads to the release of a 

_that has an effeet on the stimulus; follovving this, some aspeet of the_ 

organ function then_further reaetion to the stimulus and thus further release of the 

hormone by the organ. 


Target stimulus, inhibits, hormone, body 
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The endoerine system 



Find out more 

1. What effeet does insulin have on lipid metabolism? 

2. What is the most eommon form of thyroid hormone? 

3. Name three eell types in the panereas? 

4. What gland is often referred to as the size of a pea? 

5. What differentiates diabetes insipidus from diabetes mellitus? 

Gondítions 

The follovving is a list of eonditions that are assoeiated vvith the endoerine system. Take some 
time and vvrite notes about eaeh of the eonditions. You may make the notes taken from text 
books or other resources (e.g. people you vvork vvith in a elinieal area), or you may make the 
notes as a result of people you have eared for. If you are making notes about people you have 
eared for you must ensure that you adhere to the rules of eonfìdentiality. 
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Addison's disease 


Cushing's disease 


Diabetes insipidus 


Diabetes mellitus 


Graves'disease 





The immune system 

Peter S Viekers 


Test your prior knovvledge 

• Hovv do the T-helper and T-suppressor eells vvork together in order to help eontrol the innnnune 
system? 

• Which eells are involved in humoral immunity? 

• What is the role of immunoglobulin E (IgE) in fìghting infeetions? 

• List the organs of the lymphatie system. 

• What do vve mean by phagoeytosis? 


Learnin 



After reading this ehapter you vvill be able to: 

Deseribe and discuss the development of vvhite blood eells and their roles in immunity 
Explain hovv the immune system vvorks to proteet us from infeetions 

List all the various physieal, meehanieal and ehemieal barriers that the human body possesses 
to prevent infectious organisms from entering the body 
Explain the proeess of phagoeytosis 

Llnderstand hovv inflammation vvorks to proteet us onee the body has been damaged in some 
vvay or has been infeeted 
Deseribe and discuss cellular immunity 
Deseribe and discuss humoral immunity 

Explain the body's response to infeetion and the rationale for immunisations 


Fundamentals ofAnatomy and Physiology: For Nursing and Heaitheare Students, Seeond Edition. Edited by lan Peate and Moralitharan Nair. 
© 2017 John VViley & Sons, Ltd. Poblished 2017 by John VViley & Sons, Ltd. 

Stodent eompanion vvebsite: vvvvvv.vvileyfundamentalseries.com/anatomy 
lnstructor eompanion vvebsite: vvvvvv.vviley.com/go/instructor/anatomy 
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Thymus 


Thoraeie 

duct 



Tonsil 


Spleen 


Lymph 

node 


Lymphatie 

vessel 


lntroductìon 

The body is eonstantly under attaek from organisms out to destroy it. This may sound dramatie, 
but it is true. lnfectious mieroorganisms, toxins and pollutants are some of the harmful substances 
from which it has to defend itself. Fortunately, the body has evolved and developed many 
defenees to repel and destroy these harmful substances - this is what we eall the immune 
system. 

lmmunology - the study of the ìmmune system - is a relatively new braneh of bioseienee 
and medieine. Although some of the meehanisms and eomponents of immunity, such as anti- 
bodies and blood eells, have been known for some time, it is actually only relatively reeently 
(over the past 30 years) that much researeh has been undertaken into the immune system. 

The rapid development of human immunodeficiency virus (HIV) and acquired immunodefi- 
eieney syndrome (AIDS) in the 1980s wasthetriggerfor much ofthis researeh, and we now know 
that the immune system is a eomplieated and wonderful system that underpins so much of our 
understanding of disease and disease proeess, and not only those diseases caused by infectious 
mieroorganisms, but also many others, including eaneer, arthritis, stress, and so on. 

This ehapter will show whatthe body's immunological defenees eonsist of and howthey work 
together to give the body an opportunity of surviving the continuous and continuing assaults 
by mieroorganisms, toxins and other pollutants to which it is subjected. 


Blood eell development 

The blood eells that form a major part of the immune system are the white blood eells. All our 
blood eells are deseended from multipotent stem eells, which have the ability to switch to 
different types of eells, and, in terms of the immune system, develop into two major branehes of 
white blood eells. 
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Key: 






Progenitor eells 
Preeorsor eells or ‘blasts’ 

Formed elements of eireolating blood 
Tissue eells 



Pluripotent stem eell 


Key: 

I CFU-E~| Golony-forming unit - erythroeyte 
|CFU-Me^ Golony-forming unit - megakaryoeyte 

CFU-Gm 1 eolony-forming unit - granulocyte 

maerophage 
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Fìgure 16.1 Thedevelopment of blood eells. Soi/ree:Tortora and Derriekson (2009). Reproduced with 
permission of John Wiley & Sons. 

One braneh will develop into the myeloìd family of eells, which include the neutrophils and 
monoeytes, whiletheother braneh will develop into the lymphoid family of eells, which is made 
up of lymphoeytes. 

Figure 16.1 shows the development of the white blood eellsfrom the initial multipotent stem eell. 

It ean be seen from the family tree of blood eells that the myeloid family includes the maerophages 
(eonsisting of monoeytes and tissue maerophages) and granulocytes (eonsisting of neutrophils, 
eosinophils and basophils). The lymphoid braneh of white blood eells gives usT-lymphocytes and 
B-lymphoeytes (with many of the B-lymphoeytes developing into plasma eells). In addition, the mye- 
loid braneh also provides us with megakaryoeytes (leading to platelets) and erythroid eells, which 
develop into erythroeytes (i.e. red blood eells). Red blood eells and platelets are discussed in Ghapter 7. 

Because it is the white blood eells that are eoneerned primarily with the immune system, in 
this ehapter we are not interested in red blood eells, although they are importantto the immune 
system because they earry oxygen to the other eells of the immune system, such as the skin eells. 

Similarly, platelets do play a very important role in the defenee of the body in terms of helping to 
seal off any breaks in the skin and, by doing so, prevent any more infectious organisms getting into 
the body. However, in this ehapter, platelets will only be discussed in terms of the proeess of 
inflammation. 
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All the white blood eells eommenee initially in the bone marrow as stem eells, but as they 
slowly mature through their various stages, they are to be found in different plaees around the 
body, including: 

• the blood and lymph circulation 

• thethymus 

• thespleen 

• the tonsils and other lymph nodes. 

They also are found in all the mucosal membranes, such as the lining of the mouth and the 
gastrointestinal traet. 



B-lymphoeytes 
Bone marrow 
lmmunoglobulìns 


Monoeytes 


Plasma eells 

Platelets 

Polymorpho- 
nuclear leucocytes 

Red blood eells 

Stem eells 

Thymus 

T-effeetor 

lymphoeytes 

T-helper 

lymphoeytes 

T-lymphoeytes 

T-suppressor 

lymphoeytes 


These lymphoeytes arise in the bone marrow and differentiate into plasma 
eells, which in turn produce ìmmunoglobulìns - also known as antibodies. 

The site in the body where most of the eells of the immune system are 
produced as immature (stem) eells. 

lmmunoglobulins - also known as antìbodìes - are highly speeialised protein 
molecules, and their job is to eonneet with, and hold on to, foreign antìgens, 
so that they eannot eseape destruction by other eells of the immune system. 

These white blood eells are also phagoeytes and are found in the blood. 
However, they have the ability to migrate into tissues, where they are 
known as maerophages. 

These eells develop from B-lymphoeytes and produce the 

ìmmunoglobulìns. 

Blood eells that have an important role to play in the elotting of blood. 

These white blood eells are also known as phagoeytes, and are found in the 
blood. 

These eells earry oxygen from the lungs to the tissues. 

These eells have the potential to differentiate and mature into the different 
eells of the immune system. 

An organ loeated in the ehestthat instructs immatureT-lymphocytes to 
beeome matureT-lymphocytes, which arethen ableto helpfìght infeetions. 

Also known as T-cytotoxic lymphoeytes.These lymphoeytes have the ability 
to produce ehemieals that ean kill foreign eells and mieroorganisms, as well as 
helping in the proeess of inflammation. 

While in the thymus, these speeialised lymphoeytes develop the ability to 
help other lymphoeytes to mount an immune response. 

T-lymphoeytes arise in the bone marrow but migrate to the thymus where 
they mature, and also learn to differentiate between'self and'non-self matter. 

These are speeialised lymphoeytes that ean suppress the helper 
T-lymphoeytes and help to regulate the immune system by turning off 
the immune system response, so reducing the potential damaging effeets 
of an overaetive immune system. 
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Organs of the ìmmune system 

The main organs of the immune system are all part of the lymphatie system.These organs of the 
immune system eonsist of: 

• thethymus 

• thespleen 

• the lymph nodes 

• the lymphoid tissues seattered throughout the gastrointestinal, respiratory and urinary traets. 


The thymus 

The thymus is situated in the ehest (Figure 1 62), and in babies it is a large organ (relative to size). 
It shrinks (atrophies) with age. 

VVithin the thymus, eertain blood stem eells mature and differentiate into various T-eell 
lymphoeyte subclasses. In addition, they also acquire the ability to reeognise and differentiate 
'self eells from'non-self eells. 

'Self eells originate and belong to the individual with that thymus, while'non-self eells eome 
from outside of the individual such as viruses and baeteria; so thinkof the thymus as a sehool for 
T-eell lymphoeytes in which the eells take part in learning experiences as they mature and in 
which they also are guided to different eareers for when they leave the'sehooF. 
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Thymus of adoleseent 


Fìgure16.2 Positionofthethymuswithinthebody.5oc/rce:Tortoraand Derrickson(2009).Reproduced 
with permission of John VViley & Sons. 
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Even though the thymus starts to atrophy at puberty, T-eells will continue to develop in the 
thymus throughout an individnaTs life (Delves and Roitt 2000; Viekers, 2005, 2007). 

The lymphatìe system 

The lymphatie system is a speeialised system of lymph vessels (similar to blood vessels) and 
lymph nodes. The lymphatie vessels eontain a fluid ealled lymph, which drains into the organs 
of the lymph system from nearby organs. This lymph originates from plasma leaking from the 
blood eapillaries. 

Lymphoeytes migrate from the blood system by passing through the walls of the smallest 
venous eapillaries in the lymph node. Lymphoeytes spend only a few minutes in the blood- 
stream during eaeh circuit of the body, but in eontrast, spend several hours in the lymphoid 
system. 

The lymphatie system ean be thought of as a parallel system to the blood circulatory 
system, but it does not have a pump like the heart, which pumps blood around the body. 
Instead, the lymph is agitated around the body by a eombination of the smooth muscular 
walls of the lymph vessels and the flexing and relaxing of striated muscle as an individual 
moves around. 

The peripheral lymphatie system (Figure 16.3) is made up of lymphatie vessels and lymphatie 
eapillaries, as well as encapsulated organs (i.e. organs that are situated within their own 

'capsule'). 

These include: 

• spleen 

• tonsils 

• lymph nodes. 

In addition, the lymphatie system includes unencapsulated (not bound by a capsule, but 
more diffuse) lymphoìd tìssue in the gastrointestinal traet, the urogenital traet and the lungs. 

The lymph vessels and eapillaries form a network throughout the body and eonneet the 
tissues of the body to the lymphoid organs, such as the spleen, and the lymph nodes. 

Lymphatie eapillaries have some anatomieal similarities to blood eapillaries in that their walls 
eonsist ofa layerofendothelìaleells. However, lymphatieeapillary wallsdonot havea basement 
membrane. This laek of a basement membrane allows substances of relatively large molecular 
size, such as plasma proteins, to enter the lymphatie eapillaries between the eells of the eapillary 
walls. 

Lymph flows through the vessels by means of: 

• muscle eontraetion in the limbs (arms and legs); 

• the pulsing of arteries (caused by the beating of the heart); 

• negative intrathoraeie pressure (which draws up the lymph, as from a vacuum); 

• the rhythmie eontraetion of the lymphatie vessels themselves. 

The lymph eventually flows into two large lymph ducts. One of them is ealled the thoraeie 
duct and this reeeives lymph from: 

• the lower limbs 

• thedigestivetraet 

• theleftarm 

• the left side of the thorax, head and neek. 
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Fìgure 16.3 Prineipal eomponents of the lymphatie system. Source: Tortora and Derriekson (2009). 
Reproduced with permission of John Wiley & Sons. 
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The other large lymph vessel, the right lymphatie duct reeeives lymph from: 

• therightarm 

• the right side of the head, neek and thorax. 

The two lymph ducts then empty into the great veins in the neek, thus restoring fluid and 
proteins to the venous circulation. 

Lymph nodes 

Lymph enters the lymph nodes from the afferent lymphatie vessels and from there it goes to the 
trabeculae. Afferent means'leading towards'; therefore, in the ease of lymph nodes, afferent 
vessels are those vessels that lead towards the lymph node. 

The lymph node is made up of a mesh of cells-just likea net.The lymph atthis stage eontains 
antìgens from infeeted eells and tissues. This lymph passes through this mesh in the lymph 
node and the antigens are trapped - like fish in fishing nets (Figure 16.4). 
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Fìgure 16.4 Structure of a lymph node. 5oc/rce: Nair and Peate (2009). Reproduced with permission of 
John Wiley & Sons. 
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Antigens entering the body at any point are rapidly swept along the lymph vessels towards a 
lymphoid organ or lymph node. 

VVithin the lymph node, B-eell lymphoeytes are loeated in the primary lymphoid follieles as 
well as the seeondary lymphoid follieles (which eontain the germinal eentres), and it is inside 
these germinal eentres that the B-eells proliferate after encountering their speeifie antigen and 
its eo-operating T-eell. The B-eells that are found at the eentre of the seeondary lymphoid folli- 
eles are aetively dividing, while those at the periphery are antibody forming. 

In addition, large numbers of phagoeytìe maerophages and plasma eells producing 
antibodies are found in the medulla of the gland. Maerophages and other antigen-presenting 
eells spend most of their lives migrating through the tissues until they encounter antigens. 
These are then phagoeytosed (engulfed by phagoeytes and 'eaten') and transported to the 
nearest lymph node. 

Maerophages in the lymph node also encounter trapped antigens within the meshwork of 
reticular eells, and they phagoeytose the dead eells and baeteria.The lymph that has destroyed 
the antigens in the lymph nodes then leaves through the efferent lymphatie vessel. Efferent 
meansTo lead away from'. 


Ginieal eonsiderations ~ 

Seeondary immunodefìciencies 

Seeondary immunodefìciencies are those disorders that due to another illness, age, injury, envi- 
ronmental poisons ortreatment, result in an inereased susceptibility to infeetion. Indeed, almost all 
serious illnesses are assoeiated with some impairment of one or more eomponents of the immune 
system. 

Most people are aware of one particular seeondary immunodefìciency, namely AIDS caused by 
the HIV, but there are many other causes of seeondary immunodefìciencies. 

One of the major causes of immunodefìciency globally is protein defìeieney due to malnutrition 
or to such disorders as Kwashiorkor disease. In developed countries, apart from HIV, the major 
causes of seeondary immunodefìciencles are iatrogenie (i.e. caused by medieal personnel/ 
treatment).These particularly include immunodefìcienciesthat occurfollowing steroid orcytotoxic 
drug therapy for various diseases. 

Someone with a seeondary immunodefìciency will have a susceptibility to opportunistic 
infeetions, anorexia, diarrhoea and an inereased riskof eaneer. 

Seeondary immunodefìciencies are assoeiated with a multitude of faetors, of which we only have 
time to look at a very few.These include: 

• infections-forexample,HIVhepatitis,measles,mumps,TB,congenital rubella,cytomegalovirus 
and infectious mononucleosis (glandular fever); 

• medieations - for example, steroids, cytotoxic drugs and immunosuppressive drugs, and even 
antibioties, as well as so-ealled reereational drugs, such as aleohol, eoeaine and heroin; 

• stress - including psyehologieal and physieal stress; 

• malnutrition; 

• eaneers; 

• autoimmune diseases; 

• ageing; 

(Continued) 
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• environmental ehemieals - for example, polyehlorinated biphenyls and dioxin; 

• burns and othertraumas; 

• pregnaney; 

• anaesthesia and surgery (stress); 

• radiation. 

The treatment of seeondary immunodeficiencies eonsists of removing or treating the cause (if at 
all possible) and supportive therapy. For example, if an infeetion is the cause, then the relevant 
antimierobial drugs need to be given. If there is an iatrogenie cause, such as drugs or surgery, onee 
these are stopped and reeovery is under way the immune system will usually right itself. Similarly, 
if other diseases are causing the immunodefìciency, then they have to be taekled. If malnutrition is 
the cause, then the solving of the problem leading to malnutrition needs to take plaee. 

Along with the elimination of the cause, supportive therapy is required to help to boost the 
immune system and to prevent infeetions. Drugs and nutrition, ehanges of lifestyle, and oeeasionally 
isolation may be neeessary. 

Seeondary immunodeficiencies are often transient, and supportive therapy is usually only 
neeessary until the cause has been dealt with and the immune system starts to reeover. 
Unfortunately, however, there are some seeondary immunodefìciencies to which this does not 
apply. The best known of these is AIDS, although if a cure were ever found for it then it, in turn, 
would beeome a transient immunodefìciency. 


Lymphoìd tìssue 

As well as lymphatie vessels, the lymphatie system eontains lymphoid tissue. This eonsists of 
lymph glands (i.e. lymph nodes), which are approximately the size and shape of a broad bean, 
and lymphoid tissue, which is found in speeifie organs, particularly: 

• thespleen 

• the bone marrow 

• thelungs 

• the liver 

• other lymphoid tissue. 

The spleen 

The spleen is situated just behind the stomaeh and is about the size of a fist. It eolleets antigen 
from the blood for presentation to phagoeytes and lymphoeytes, and also eolleets, and disposes 
of, dead red blood eells. 

To sum up the lymph system (Viekers 2005, 2007): 

• The lymphoid system enables lymphoeytes to proteet the tissues and vessels of the body 
from infectious mieroorganisms. 

• It holds them in antigen Traps' in the lymph nodes and other lymphoid organs, and it brings 
them into elose proximity with other immune eells. 

• This is essential for the eell-to-eell communication that is neeessary to recruit direet and 
regulate a eoordinated immune response. 

• Lymph glands are the major eentres for lymphoeyte proliferation and antibody production, as 
well as for filtering the lymph. 
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Types of ìmmuníty 

There are two major types of immunity in humans: the ìnnate and the acquìred. 

Innate ìmmunìty is the immunity we possess at birth, so it is innate in all of us. On the other 
hand, acquìred ìmmunìty is not present at birth; instead, it is something that we acquire as we 
go through life. 

Innate immunity is the oldest type of immunity and is present in all creatures, whereas the seeond 
type of immunity, acquired immunity, is only found in more developed organisms, such as humans. 

Another name for ìnnate ìmmuníty is non-speeìfìe ìmmunìty. This means that these 
defenees eome into aetion no matter what infectious or non-self organism is trying to attaek us; 
therefore, they are non-speeifie. Similarly, acquìred ìmmunìty is also known as speeífìe 
ìmmuníty because it responds to known speeifie organisms. 

The ìnnate ìniniune system 

Many parts of the body, as well as the white blood eells, eombine to make up the innate immune 
system. 

It is possible to eategorise the innate immune system into four groups, although some parts 
may use more than one elass of defenee: 

• physieal barriers 

• meehanieal barriers 

• ehemieal barriers 

• blood eells. 

Physìeal barríers 

These include the skin and mucosal membranes. The skin aets as a physieal barrier to prevent 
infectious organisms and other matter from getting to the more'at risk'and undefended organs 
within our body. However, not only is skin a physieal barrier, it is also a ehemieal barrier, in that 
sweat produced from the skin is baeteríeídal (dangerous for baeteria). However, skin also has 
weak spots, namely the various orifiees that eonneet the internal body to the outside, such as 
the mouth, nose, urethral opening and anus. 

Meehaníeal barríers 

In this eategory are included eìlìa, coughìng, sneezìng and tears. 

• eìlìa are the tiny hairs found in the nose. They are eonstantly moving and they move dirt, 
mieroorganisms and mucus away to the adenoids (made of lymphatie tissue) where they ean 
be dealt with. 

• Sneezìng and coughìng work quite simply by expelling any mieroorganisms or irritants out 
of the body and into the external atmosphere. So, if someone has a eold or a cough and 
sneezes or coughs, millions of viruses are expelled into the atmosphere, which means that 
there are fewer viruses in that person's body to cause even worse problems. This is very 
effeetive for the infeeted person, but means that there are all these viruses in tiny droplets 
suspended in the air, just waiting for someone else to eome along and breathe them in, 
thereby beeoming infeeted themselves. 

• Tears are also a meehanieal barrier. When someone eries, the tears wash any dirt partieles or 
mieroorganisms away from their eyes (like a windscreen washer in a ear). Tears are also a 
ehemieal barrier because they eontain a baeterieidal enzyme known as lysozyme. Lysozyme 
will erop up quite a lot in the seetion on the innate immune system. 
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ehemkal barríers 

Ghemíeal barríers ínelade tears, breast mìlk, sweat salìva, aeìdìe seeretìons, íneladíng 
stomaeh aeìd, and semen. 

Most of these seeretions eontain either baeterieidal enzymes, such as lysozyme, or antibodies. 
In addition, baeteria eannot survive in aeidie seeretions. 


Blood eells 

As well as the previously mentioned defenees, the innate system includes eertain blood eells, 
namely leucocytes (white eells) and thromboeytes (platelets). 

The white eells involved in the innate immune system are known as 

• neutrophìls, which make up 60% of the leucocytes in the body; 

• monoeytes and tíssue maerophages, which make up a total of 3% of leucocytes; 

• eosìnophìls, whlch only make up 1 % of leucocytes; 

• basophìls, which also make up only 1 % of leucocytes. 
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The neutrophìls, eosìnophìls and basophìls are also known as granulocytes, because when 
seen through a powerful mieroseope they appear to be full of little granules (or grains). In faet 
these granules are vacuoles, or empty spaees, within the eells, and are very important when 
looking at one particular function of these white eells, namely phagoeytosìs. 


Blood eells of the ímmune system 

These, as mentioned previously, are the white blood eells. There are three main aetivities of the 
white blood eells: 

• Phagoeytosìs - this is the destruction of infectious organisms/non-self matter by engulfing 
and then ingesting them/it.This will be explained a little later in this ehapter. 

• Cytotoxìty - eyto means eell and toxìcìty means poisonous or, in immunological terms, 
'lethal to'. So cytotoxicity is the aetion that some types of white eell take in killing infectious 
organisms by damaging their eell membranes (see also eomplement system). 

• Inflammatìon - white eells are very much involved in the response of body tissue to infeetion 
and injury. 

There are many other roles that white eells take within the immune system, and these will 
be discussed throughout this ehapter, but for now we will eoneentrate on the three roles 
above. 

Phagoeytosìs 

The eells that make up our innate immunity have two major functions: they are either phago- 
eytes or medìator eells. 

The phagoeytes are eells that actually devour the infectious organisms that have managed to 
get through the other innate immune defenees previously mentioned. 

There are two types of phagoeytes: mononuclear phagoeytes and polymorphonuclear 
phagoeytes. 

Mononuclear phagoeytes include monoeytes and maerophages. They are ealled mononu- 
elear because the nuclei of the eells are single round blobs (or spheres) when looked at through 
a mieroseope; in other words, they have a elearly defined single nucleus; neutrophils, on the 
other hand, make up the polymorphonuclear phagoeytes. 
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When looked at through a mieroseope, the nuclei of neutrophils are seen as a blob which ean 
take many shapes, henee poly (many) morpho (shape) nucleocyte (eell nucleus) - in other 
words, polymorphonucleocyte. 

The role of a phagoeytie eell is to phagoeytose, or consume, any infectious organism or non- 
self matter that overeomes the external barriers.This proeess is known as phagoeytosìs, and it 
works as follows. 

• Stage 1. A bacterium approaehes a phagoeyte - in this ease a neutrophil (Figure 16.5). It is 
held in plaee by opsonìns - eomplement faetors or antìbodìes (ìmmunoglobulìns). 

Opsonins prepare the bacterium for being digested by the phagoeyte by firmly holding the 
bacterium to the phagoeyte so that it eannot eseape. 

• Stage 2. As the bacterium approaehes the neutrophil, the neutrophil reeognises that it is 
'non-self matter and it sends out pseudopodìa (false arms) and starts to surround the 
bacterium (Figure 16.6). 

• Stage 3. Onee surrounded by the phagoeyte, the bacterium eomes into eontaet with the 
vacuoles (as mentioned above). A vacuole eompletely surrounds the bacterium and kills if 
and then breaks it up by means of baeterieidal enzymes such as lysozyme. The phagoeyte 



Cell nucleus 


eomplennent 


Fígure 16.5 Phagoeytosis (stage 1). 



Pseudopodia 


Fígure 16.6 Phagoeytosis (stage 2). 
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Bacteriunn breaking 



Fìgure 16.7 Phagoeytosis (stage 3). 


then uses what it ean from the bacterium for its own functions (growth, nutrition, ete.) and 
ejeets the parts that it eannot use. This is the proeess of phagoeytosis (Figure 16.7). 

As well as baeteria, phagoeytes also remove pus and other infeeted matter, as well as any 
other non-self matter that has found its way into the body. 

Cytotoxicity 

Cytotoxicity is the proeess of damage to or death of eells. Many substances are toxic to eells, 
including eertain ehemieals, eomponents of the immune system, viruses and baeteria, and some 
types of venom (e.g. from eertain snakes). 

VVithin the immune system,T-cells that ean kill other eells are known as cytotoxicT-cells, 
and produce proteins that play a role in the destruction oftarget eells. CytotoxicT-cells (Tc eells) 
work by programming their target eells (often eells that have been infeeted by viruses, 
or even cancerous/pre-cancerous eells) to undergo apoptosis - otherwise known as eell 
suicide. 

Inflammation 

Inflammation is the body's immediate reaetion to tissue injury or damage.This ean be caused by 

• physieal trauma 

• intenseheat 

• irritating ehemieals 

• infeetion by viruses, fungi or baeteria (Marieb and Hoehn, 2013). 

The inflammatory proeess involves the movement of white eells, eomplement and other 
plasma proteins into a site of infeetion or injury (Roitt and Rabson, 2000). 

There are four eardìnal sìgns and symptoms of ínflammatíon at the site of the injury: 

• swelling (also known as oedema) 

• pain 

• heat 

• redness. 
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There may also be: 


• nausea 

• svveating 

• raised pulse 

• lovvered blood pressure 

• possibly loss of consciousness. 

These last symptoms and signs are the body's response to pain and shoek, but in terms of 
immunology, the first four signs and symptoms are the important ones, and that is vvhy they are 
knovvn as theTour eardinal signs of inflammation' 

Aeeording to Nairn and Helbert (2007), inflammation ean be defined elinieally as the presenee 
of svvelling, redness and pain. Although inflammation does cause pain and other problems, it 
actually has benefieial properties and effeets.These are: 


• the prevention of the spread to nearby tissues of infectious mieroorganisms and other 
damaging agents; 

• the disposal of killed pathogens and eell debris; 

• preparation for repair of the damage (Marieb and Hoehn, 2013). 


Follovving injury or other damage to the body, three proeesses occur at the same time: 


• Mast eell degranulatìon. Mast eells are tissue eells that eontain granules in their eytoplasm. 
These granules eontain, among other substances, serotonìn and hìstamìne, vvhieh are 
released into the tissues during the proeess of degranulation. These substances cause some 
of the signs and symptoms of inflammation, but they also vvork vvith the other tvvo proeesses 
to provide the eomplete inflammatory signs and symptoms. 

• The aetìvatìon of four plasma proteìn systems.These systems are the eomplement system, 
the elotting system, the kinin system and immunoglobulins.The eomplement system eonsists 
of more than 30 proteins that are found in blood plasma and on eell surfaces. It vvorks very 
elosely vvith antibodies, and indeed is so ealled because the proteins in the system are seen to 
'eomplement' antibodies in the destruction of baeteria (VValport, 2001). The eomplement 
system aetivates and assists the inflammatory and immune proeesses and plays a major role 
in the destruction of baeteria.The elotting system traps baeteria that have entered the vvound 
and also interaets vvith platelets to stop any bleeding. The kinin system helps to eontrol 
vascular permeability, vvhile immunoglobulins help in the destruction of baeteria. 

• The movement of phagoeytìe eells to the area in order to phagoeytose baeteria or any other 
non-self debris in the vvound (Figure 16.8). 



Gomplement faetors stimulate the mast eells to release histamine and other ehemieals, vvhieh 
in turn ean inerease the permeability of blood vessels (Tortora etal., 2014). 

Other faetors involved in vascular permeability are: 


• eytokìnes (eell messengers), vvhieh promote inflammation and also attraet vvhite blood eells 
to the affeeted area (Marieb and Hoehn, 2013); 

• kìníns and prostaglandìns, vvhieh are ehemieal messengers released from damaged and 
stressed tissue eells, phagoeytes and lymphoeytes. 


All these faetors - histamine, eomplement, eytokines and kinins - as vvell as having their ovvn 
speeifie individual inflammatory roles, cause the small blood vessels in the area that has been 
damaged to dilate so that more blood is able to flovv into the region surrounding the damaged 
area.This causes the redness and heat assoeiated vvith inflammation (Marieb and Hoehn, 2013). 
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Fìgure 16.8 Phagoeytes migrate from blood to the site of tissue injury. Source: Tortora and 
Derriekson (2014). Reproduced with permission of John Wiley & Sons. 



Rheumatoìd dísease 

Rheumatoid disease is caused by an autoimmune reaetion (the body's immune system attaeking 
the body's own eells). It is one of the eommonest ehronie inflammatory eonditions in developed 
countries. Some inflammatory eytokines have a major role to play in the pathogenesis of this 
disease. Rheumatoid arthritis isa eommon cause of disability, with one-third of patients likelyto be 
severely disabled. The joint ehanges, which almost eertainly represent an autoimmune reaetion, 
eonsist of: 

• inflammation 

• erosion of eartilage and bone. 

Autoimmune díseases 

Speeifìe examples of autoimmune diseases include such diverse eonditions as rheumatoid arthritis, 
type 1 diabetesmellitus,multiplesclerosisandsystemiclupuserythromatosus(lupus).Autoimmune 

iContinuecí) 
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diseases affeet 3% of the VVestern population and are found to be more eommon in people living 
in the more northerly latitudes. Almost all autoimmune diseases are more eommon in women; and 
they are rare in ehildhood, with the onset usually occurring between puberty and retirement. 
In addition, there tend to be clusters in families - not neeessarily of the same disease, but of a 
tendeney to an autoimmune disease. 

Drug treatment 

The drugs most frequently used in rheumatoid disease are disease-modifying anti-rheumatoid 
drugs (DMARDS), as well as non-steroidal anti-inflammatory drugs. These drugs reduce the symp- 
toms of rheumatoid disease, but do not prevent the progress of the disease. Other drugs that are 
used with this disease include: 

• some immunosuppressants (drugs that suppress the immune system to try to prevent it 
attaeking the body's own eells); 

• steroids; 

• antieytokine drugs - these are newer drugs and they have more speeifìe aetion against the 
disease proeesses of rheumatoid disease. 

Included within the eategory of DMARDs are a variety of drugs with different ehemieal structures 
and meehanisms of aetion.They ean improve symptomsand reducediseaseactivity in rheumatoid 
arthritis. This ean be measured by a reduction in: 

• the number of swollen and tender joints 

• the pain seore 

• thedisability seore. 

However, there are doubts as to whether or not they halt the long-term progress of the disease. 


ninitMiIfl 


The nurse's role(s) ín assessíng the needs of a patíent wíth niultíple 
selerosís 

Multiple selerosis (MS) is an autoimmune disorder in which the myelin sheath that surrounds and 
proteets the nerve fìbres is damaged by the body's own immune system. This, in turn, leads to the 
damage of the underlying nerve fìbres. 

The signs and symptoms of MS are many and varied and depend upon which part of the eentral 
nervous system is affeeted, but potential symptoms ean include problems with vision and balanee, 
dizziness, fatigue, bladder and bowel problems, speeeh and swallowing difficulties, stiffness and/ 
or spasms, and tremors, as well as memory, eognitive and emotional problems. It is also important 
for the nurse to know that there are different types of MS, namely, new, relapsing, progressive and 
advaneed forms of MS. 

Consequently, the role of the nurse is to ensure that they have a good knowledge of the 
signs, symptoms, cause and effeets of MS, as well as knowledge of the patient. This knowledge 

(Continued) 
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will allow the nurse to help to provide explanations, initiate education of patients and families 
as to MS, its treatment and prognosis, and to take part in (or refer for) counselling for both the 
patients and their families. 

To be able to take on this role of guiding the patient and family through all the vagaries of this 
disease, nursesfìrst of all must make a eomprehensive assessment of the individual patient looking 
at such areas as physieal, eognitive, emotional, sensory effeets and eoping strategies, along with 
any problems eoneerning bowel and bladder functioning (and any sexual issues that may arise). 
These assessments must continually be updated throughout the course of the patient's life with 
MS in order to ensure that the best physieal, psyehologieal, emotional and soeial eare is always 
available and relevant for that patient and family. To that end, nurses need to have a knowledge 
and understanding of how various MS drugs work, and, with the medieal team, ensure that the 
drug regimen is the most suitable for that patient in order to minimise the patient's MS symptoms 
and to ensure as good a quality of life as is possible. This will help to ensure that there is a better 
ehanee of patient eomplianee with the drug and other therapeutic regimens. VVithin this eategory, 
nurses must be aware of how any individual patienfs eondition responds to the therapies, as well 
as any side effeets that may arise. 

The nurse must also beeome an advoeate for follow-up with the appropriate interdiseiplinary 
health and soeial/psyehologieal team that may be available. 

Above all, the nurse needs to know the individual patients (and families) and to allow them to 
retain as much autonomy as possible in managing this disease, its effeets and therapies, and to 
always keep in mind that this is a life-long eondition for which - at the moment - there is no cure, 
for be assured that the patients and families will always be aware of this faet. 


These ehemieals also inerease the permeability of the eapillary walls, which allows blood eells 
and protein-rieh fluid to seep into the surrounding tissues, which leads to oedema - the third of 
the elassie signs of inflammation. Oedema performs three functions that are important to the 
healing of damaged tissue: 

• the dilution of harmful substances in the area to make them less eoneentrated; 

• the movement into the area of large quantities of oxygen and the nutrients neeessary for the 
repair of any damage; 

• the entry of elotting proteins to help seal off the damage (Marieb and Hoehn, 2013). 

That leaves paìn as the remaining elassie sign of inflammation. Pain is caused partly by the 
pressure on the nerve endings as a result of the oedema in the tissues and partly by the release 
of baeterial toxins (Marieb and Hoehn, 2013). 

Summary of infiammation l 

The timetable of a typieal inflammatory response to tissue in injury is as follows. 

• Arterioles near the injury site eonstriet briefly. 

• This vasoeonstrietion is followed by vasodilatation, which inereases blood flow to the site of the 
injury (redness and heat). 

• Dilatation of the arterioles at the injury site inereases the pressure in the circulation. 

(Continuecí) 
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• This inereases the exudatìon of both plasma proteins and blood eells into the tissues in the area. 

• Exudation then causes oedema and swellìng. 

• The nerve endings in the area are stimulated, partly by pressure (paìn). 

• The elotting and kinin systems, along with platelets, move into the area and bloek any tissue 
damage by eommeneing the elotting proeess. 

• White blood eells - phagoeytes and lymphoeytes - move into the area and start to destroy any 
infectious organisms in the vieinity of the trauma. 

• These phagoeytes and protein eells, along with the substances they produce, kill any baeteria 
or other mieroorganisms in the vieinity and remove the debris that results from the battle 
between the mieroorganisms and the immune system - this includes exudates and dead eells 
(pus). 

• All these parts of the immune and blood systems remain in the area until tissue regeneration 
(repair) takes plaee - this is known as resolution. 


Medidnes management ~ 

New therapies: adalímumab 

Adalimumab is a synthetie drug, and is basieally a fully human anti-tumour neerosis faetor alpha 
monoelonal antibody. In effeet it is a drug that is based upon the normal immune system. It is 
derived from synthetie antibodies that are programmed to target tumour neerosis faetor alpha 
(TNFa). TNFa is a normal part of the human immune system, which, following an infeetion, allows 
for an inereasing inflammatory reaetion within the body as well as helping to mobilise the various 
eells of the immune system (e.g. lymphoeytes) to fìght the invading infectious mieroorganism. 

Adalimumab is used as part of the drug therapy for people with autoimmune diseases such as 
rheumatoid arthritis. In an autoimmune eondition, the body's own immune system attaeks the 
body eells and tissues, because circulating levels of TNFa remain eonstantly high, whether or not 
there is an infeetion, and it is these high levels of TNFa that cause the immune eells to malfunction 
and so attaek the body's own eells. Adalimumab bloeks this TNFa production and consequently 
reduces the physieal effeets of rheumatoid arthritis, psoriasis and other autoimmune disorders. 


The acquíred ìmmune system 

Acquired immunity isthe immunity that weacquireas wegothrough life-theacquired immune 
system is barely functioning when we are born, but is reliant upon the mother's own acquired 
immune system giving proteetion in utero - some of which (mainly eertain immunoglobulins) 
remain within the infant for a short time post-natally. Another name for the acquired immune 
system is the speeifie immune system, because it is aimed at speeifie infectious organisms. It is 
very much based upon the white blood eells known as lymphoeytes. 

Thereare two types ofacquired immunity: eell-mediated immunityand humoral immunity. 

Cell-medíated ímmunity (T-eell lymphoeytes) 

This type of immunity is known as eell-mediated immunity because the eells themselves destroy 
any invading antigens. 

T-eell lymphoeytes originate in the bone marrow, but then, at a eertain stage in their develop- 
ment leave the bone marrow as immature lymphoeytes. These immature lymphoeytes find 
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Fìgure 16.9 Development and types of T-eell lymphoeytes. 


their way to the thymus, where they fully develop. In addition, they learn to reeognise our own 
eells and so do not destroy these, but do destroy invading eells; for example, baeteria and viruses 
(see Figure 16.11). The thymus is situated in the ehest. In babies it is a large organ (relative to 
size), but atrophies with age. 

T-eell lymphoeytes have different functions to perform within the acquired immune system, 
and the functions that they perform are dependent upon the differentiation they undergo 
within the thymus (Figure 16.9). Different types of T-eells earry different reeeptors on their 
surfaces, and these are known as clusters of definition (CDs) - so-ealled because the way in 
which these reeeptors are organised on the eell surface defines their role and function. 

There are four elasses ofT-eell lymphoeytes: 

• T-cytotoxic lymphoeytes 

• T-helper lymphoeytes 

• T-suppressor lymphoeytes 

• T-memory lymphoeytes. 

The major functions performed by theT-eell lymphoeytes are: 

• cytotoxicity (eell destruction) 

• eontrol of the immune system 

• memory. 

Cytotoxicity (eell destmetion) 

This function is performed by the T-cytotoxic lymphoeytes that possess CD8 glyeoprotein on 
their membrane. These eells mediate the direet cellular killing of target eells (Rote and Crippes 
Trask, 2006). The target eells may be virally infeeted eells, tumours or'non-self grafts, such as 
kidney transplants. 

The T-cytotoxic lymphoeytes bind to the target eell and release toxic substances into the 
target eell, which are eapable of destroying it. Ifthetarget eell is a virally infeeted eell, that eell is 
destroyed, as are the viruses that have infeeted it. In this way the viruses are unable to go on to 
invadeothereells. 

eontml ofthe immane system 

This is a task undertaken by theT-helper and T-suppressor lymphoeytes working together. 

T-helper eells are eoated with CD4 proteins and they stimulate the immune system - both the 
acquired immune system and many parts of the innate immune system - to proliferate in 




The imnnyne system 


ehapter 16 


response to infectious organisms (or other antigens) present in the body.There are two types of 
T-helper eell: type 1 T-helper eells and type 2 T-helper eells. 

The body is usually very effieient at stimulating immune aetivity in response to an invasion by 
antigens, but there is a need for balanees and eheeks to prevent theoverstimulation of immuno- 
logieal aetivity, and this function is performed by theT-suppressor eells. 

While many studies have identified T-suppressor eells, there appears to be no unique reeeptor 
marker forT-suppressor eells, and so immune suppression may actually be a task performed by 
a eombination of T-helper and T-cytotoxic eells by means of a negative feedbaek meehanism 
(Male, 2013). 


Memory 

A speeial quality that the acquired immune system possesses is the ability to remember anti- 
gens - or, more speeifieally, the antigen reeeptors that have been previously deteeted by the 
immune system, and so produce a group of lymphoeytes which ean stimulate the parts of the 
immune system that are able to counter these antigens immediately if that antigen is deteeted 
in future infeetions. T-memory lymphoeytes are responsible for a rapid response to further 
attaeks by speeifie infectious mieroorganisms (Rote and MeGanee, 2014).This proeess is known 
as the seeondary immune response and will be explained towards the end of this ehapter 
(Figures 16.10 and 16.11). 

Memory eells are long-lived and there is always a eonstant number of T-memory eells for a 
given antigen in circulation (Murphy, 2014). 


Humoral ímmunity (B-eell lymphoeytes) 

This seeond type of acquired immunity (which involves B-eell lymphoeytes) is known as humoral 
immunity because the eomponents effeetive in the immune system are soluble in fluids (and so 
is ealled humoral immunity from the old English term 'humours'). 

B-eell lymphoeytes originate and mature within the bone marrow. 

As with theT-eell lymphoeytes, the B-eells need to undergo a maturation proeess in which 
they have to survive a negative seleetion proeess.This is an attempt to ensure that the antigen 
reeeptors on their surface membrane do not display self-reaetivity (i.e. do not reaet against our 
own eells) (Nairn and Helbert 2007). 

During this proeess, those B-eell lymphoeytes that are autoreactive to the host eells and 
tissues are destroyed, leaving only non-autoreactive naive lymphoeytes behind, which will then 
be able to go on to the next stage of maturation and seleetion (Figure 16.10). This is a very 
important proeess, because if there should be any self-reaetivity of the B-eells, as with T-eell 
self-reaetivity, then autoimmunity may be the result. 

The actual meehanism of the B-eell negative seleetion proeess within the bone marrow is 
similar to that proeess which is undergone byT-eells during their maturation and differentiation 
within the thymus (Figure 16.11). However, in addition, B-eells undergo a positive seleetion 
proeess in which those lymphoeytes that are able to respond to non-self antigens are preserved, 
while those that are not are left to die.The B-eells that have survived this negative seleetion find 
their way to the peripheral lymphoid organs, where they may encounter actual non-self antigens 
for which they have speeifieity. It is thought that more than 10® (100,000,000) different antigens 
may be reeognised by the B-eell lymphoeytes. 

Mature B-eells are of two types: B-memory eells (with a similar role to play as theT-memory 
eells) and antibody-seereting plasma eells. 
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Fìgure 16.10 Cellular and humoral immune responses. Source: Tortora and Derriekson (2009). 
Reproduced with permission of John VViley & Sons. 
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(e) Seleetion of B-eells 



Negative 

seleetion 


Costimulation 

Mature B-eell 
reeognises antigen 
(first signal). 


(seeond signal) 



Aetivation of B-eell, which 
proliferates and differentiates 
into elone of plasma eells 



Anergy (inaetivation) of B- 
eell in seeondary lymphatie 
tissues and blood 




Cell survival or aetivation 

Cell death or anergy (inaetivation) 


Fìgure 16.11 (a-e) Proeess of teaehingT-eells and B-eells to reeognise pathogens (infectious organisms). 

Soi/ree:Tortora and Derriekson (2009). Reproduced with permission of John Wiley &Sons. 


lmmunoglobulìns (antìbodìes) 

The antibodies seereted by the plasma eells are also known as ìmmunoglobulìns, and their role 
is to aet as mediators in the destruction of non-self antigens. These immunoglobulins are not 
responsible for the actual killing. Instead, they assist other eomponents of the immune system 
in destroying non-self antigens. 

There are five elasses of immunoglobulin: 

• IgG 

• IgA 

• IgM 
. IgE 

• IgD. 
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lmmunoglobulín G 

This is the most important elass of immunoglobulins involved in the seeondary immune response. 
It makes up about 75% of total serum immunoglobulin (Seymour etal., 1995), and it divides into 
four subclasses, namely IgGl, lgG2, lgG3 and lgG4. 

Because it has a low molecular weight (i.e. it is very small), IgG is found within both the intra- 
vascular and extravascular areas of the body.This means that it ean reaeh all parts of the body, 
and therefore its effeets are far reaehing. In particular, it plays a major role against blood-borne 
infeetive organisms as well as those invading the tissues. 

The low molecular weight also means that IgG ean eross the plaeental barrier to give a high 
degree of temporary passive immunity to the newborn ehild.This is important, because although 
maternal IgG disappears by the age of 9 months, by then the infant is hopefully producing its 
own IgG. 

IgG helps the immune system in several ways (Seymour etal., 1995; Viekers, 2005; Nairn and 
Helbert, 2007; Delves etal., 2011): 

• it is important for aetivating the eomplement system; 

• it ean bind to maerophages, and so enhanee phagoeytosis; 

• it bindstotheT-cytotoxiccellsand helpsthem in destroying infeeted eells; 

• it binds to platelets and helps with the inflammatory response. 
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lmmunoglobulín A 

There are two types of lgA:'serum'and'secretory'. Serum IgA has similar roles to IgG. 

Seeretory IgA (SlgA) is most important because it is the major immunoglobulin found in 
external body seeretions, such as saliva, breast milk, colostrum, tears, nasal seeretions, sweat and 
the seeretions of the respiratory traet and gastrointestinal traet. 

As its name suggests, SlgA has a seeretory eomponent, which allows for the easy transfer of 
SlgA aeross the epithelial eells into various bodily seeretions. It also helps to proteet the IgA from 
the proteolytie (destruction of protein) attaek mounted by enzymes that are themselves seereted 
by baeteria. 

The main function of SlgA is to prevent antigens erossing the epithelium. In addition, SlgA ean 
aetivate the eomplement system. 

SlgA plays an important role in the proteetion of the hosfs body against respiratory, urinary 
and bowel infeetions. Also, because it is present is such large quantities in colostrum and breast 
milk, it performs a vital role in the prevention of neonatal gut infeetions - this is one of the rea- 
sons why breastfeeding is so heavily promoted (Seymour etal., 1995; Viekers, 2005; Nairn and 
Helbert, 2007; Delves etal., 2011). 

lmmunoglobulín M 

IgM is the predominant antibody involved in the primary immune response (see Trimary 
immune response' seetion), as well as being involved in the early stages of the seeondary 
immune response. 

It is very effeetive in aetivating the elassie pathway of the eomplement system. 

Because of its large size, IgM is restrieted almost entirely to the intravascular (within blood 
vessels) spaees, and it is also often involved with any response by the immune system to complex, 
blood-borne infectious mieroorganisms (Seymour etal., 1995; Viekers, 2005; Nairn and Helbert, 
2007; Delves etal., 2011). 
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lmmunoglobulín E 

Only very small amounts of IgE are found in the body - in normal circumstances it makes up less 
than 0.01% of the total serum immunoglobulins, but is also found on the surfaces of mast eells 
and basophils because it has a very high avidity (binding potential) to tissue mast eells and 
circulatory basophils, and it is the binding of IgE to reeeptors on these eells in the presenee of 
antigen that ean trigger an allergie reaetion. 

This allergie reaetion eonsists of: 

• the aetivation of the mast eell 

• the degranulation of the eell 

• the release of mediators such as histamine. 

Degranulation of the mast eell and release of histamine helps to cause an acute inflamma- 
tory response, which leads to the elassie signs of allergie reaetions, such as those seen in hay 
fever and asthma. IgE is also responsible for sensitising eells on mucosal surfaces, such as the 
conjunctival, nasal and bronehial mucosa. This gives rise to other symptoms of an allergy, 
including rhinitis and conjunctivitis (Seymour et al., 1995; Viekers, 2005; Nairn and Helbert, 
2007; Delves et al., 2011). 

The main role of IgE in helping to maintain good health is that it ean bind onto helminths and 
other intestinal worms and so lead to their destruction. Allergie reaetions and autoimmune 
diseases are less eommon in areas where worm and parasitie infestation is rife. In more developed 
soeieties, where helminth infestation is rare, it is thought that the IgE then turns its attention to 
the eells of the body, and allergy/autoimmunity is a response to this. 




lieines management 


New therapies: nematode therapy 

As mentioned in the main text IgE is a major faetor in allergie reaetions. However, it is known 
that allergie reaetions (eezema, food allergies, ete.) are not as prevalent in countries where there 
is a high parasitie infestation, particularly in terms of intestinal nematodes and helminths, and 
particularly hookworm or asearis. At the same time, in more developed countries with high 
levels of hygiene and general eleanliness, allergies are very much on the inerease. It is this 
diehotomy that has persuaded researehers to think about helminth therapy to alleviate aller- 
gies (Gooper, 2004; Zaeeone et al., 2006). Indeed, there have been trials where patients with 
allergies have swallowed hookworm larvae (the maximum tolerated number being 10) and 
have reported improvements - although not enough to signifìeantly improve allergie symptoms. 
However, because the treatment made some subjectsTeel better' they opted to remain in the 
treatment onee the trial had ended. Although not proven as such, further trials may well take 
plaee in the future, and hookworm therapy may beeome one of the standard therapies for 
allergies. 


lmmunoglobulín D 

The first thing to say is that little is known about the functions of IgD. However, we do know that 
it is ehiefly found on B-eell surface membranes and that it aets as a reeeptor molecule, but work 
is ongoing in trying to deeipher and understand this particular immunoglobulin. 



















ehapter 16 


The imnnyne system 



Role of ímmunoglobulíns 

Aeeording to Delves etal. (2011), the primary function of an antibody is to bind our phagoeytes 
and other elements of the immune system to antigens by attaehing to epìtopes (or reeeptors) 
on the surface of the antigen (Figures 16.12 and 16.13); thus, the main functions of antibodies 
are to proteet the host by (Rote and MeGanee, 2014): 

• neutralising baeterial toxins; 

• neutralising viruses; 
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(a) Model of IgG molecule 


(b) Diagram of IgG heavy and light ehains 


Fìgure 16.12 (a, b) Model of an antibody (IgG). Soe/ree: Tortora and Derriekson (2014). Reproduced 

with permission of John Wiley & Sons. 




Fígure 16.13 Model of an antigen showing the epitopes (reeeptors). Source: Tortora and Derriekson 
(2014). Reproduced with permission of John Wiley &Sons. 
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• opsonising baeteria - opsonins are molecules that bind to non-self matter and to reeeptors 
on phagoeytes, in this way aeting as a bridge between the two and holding the non-self 
matter bound to the phagoeytes (Male, 2013); 

• aetivating eomponents of the inflammatory response. 

Antibodies rarely aet in isolation. Instead, they join with other eomponents of the immune 
system to destroy the infeeting organisms. 

A seeond role of the immunoglobulin is the neutralisation of baeterial toxins.These toxins are 
produced by the baeteria and make them more pathogenie (harmful), thus causing more harm 
to the host. When this happens, the immunoglobulins function as antitoxins. 

Similarly, the immunoglobulins neutralise viruses by binding to the viral surface reeeptors, so 
preventing them from binding to the host's eells, allowing the viruses then to be phagoeytosed 
and so preventing the viruses from infeeting eells of the body. 

lmmunoglobulins also aetivate eomponents of the inflammatory response. 


Medieine management 

New therapies: ímniunoglobulín therapy 

lmmunoglobulin therapy uses purifìed immunoglobulins (antibodies) taken from the blood of 
volunteer donors. It ean be administered intramuscularly, intravenously or subcutaneously. It is 
particularly importantfor people with antibody oreombined immunodefìciencies,and has beeome 
essential for the management of these eonditions. lmmunoglobulin therapy has been available for 
patients with immunodeficiencies for many years, but in reeent years the therapy has been found 
to be important for many other medieal eonditions, so that no matter in what ward or elinie - or 
even at home - that a nurse is working, you will likely encounter this therapy at some time. 

What is new about this therapy is that it ean also be used for a huge number of medieal eondi- 
tions - and the list is growing continuously. The following are just a very few of the eonditions for 
which immunoglobulin therapy may be useful, or which are under review. 


lmmunologìcal eondìtíons: 

Antibody defìeieney 

Gombined immunodefìciency (T- and B-eells) 
Gomplement defìeieneies 

Haematologìeal/oneologíeal eondìtìons: 

Various types of leukaemia 
Haemophagoeytie syndrome 
idiopathie thromboeytopaenia purpura 

lnfectìous eondìtìons: 

Rheumaticfevers 
Recurrent otitis media 

Neurologìc eondítìons: 

Alzheimer's disease 

Epilepsy 

Myeloma 


HIV 


Aplastie anaemia 


Lyme disease 
ehronie sinusitis 

Eneephalopathy 
Multiple selerosis 

(Continued) 
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Rheumatologìcìcal dìseases: 


Rheumatoid arthritis 

Seleroderma 

Kawasaki disease 

Systemie lupus erythematosus 

Other eondìtìons: 


Asthma 

Atopie dermatitis 

Gystiefìbrosis 

Diabetes mellitus 

Sepsis and septie shoek 

Transplant rejeetion 

Recurrent pregnaney loss or misearriage 





Skills ín praetíee educatíon of patíents wíth hypogammaglobalínaemía 
to self-admíníster subcutaneous ímmunoglobulín therapy at home 

For ehronie eonditions, such as hypogammaglobulinaemia (low or absent B-lymphoeytes leading 
to a laekof antibodies), the ability to self-treat at home leads to a better quality of life for the patient 
and family - because the patient is taking eontrol of their eondition and also there is less disruption 
to the patienfs (and family's) lifestyle, as well as being more eost effeetive in terms of the healtheare 
professionaFs time.This then allows for more new or difficult (with regard to treatment) patients to 
be seen and monitored in a elinieal setting. However, for this to be able to happen, some form of 
home therapy management needs to be put into plaee, and the fìrst and most important is the 
ability of the nurse to teaeh the methods of subcutaneous treatment as well as monitoring of the 
ongoing treatment at home along with support of the patient and family.This requires the nurse to 
set up a teaehing/training course onee the patient has been deemed to be eoping well with hospi- 
tal/elinie-based treatment and after being assured that the patient (and/or a family member) has 
the desire, eognitive ability and manual dexterity to earry out this procedure at home.This is a new 
skill for many nurses, and will require time and expertise to aeeomplish. 

Protoeols will haveto be written and then agreed by the hospital/elinie beforetraining ean begin 
for this procedure to be undertaken by the patient/family at home. 

First of all there is the home visit to ensure that the home environment and faeilities available are 
suitable for this procedure to be earried out at home. 

For training in self-administration of subcutaneous immunoglobulins, there are three steps 
during the training sessions for eaeh patient - may also include the family of the patient: 

1. Nurse demonstration ofthe procedure. 

2. The procedure earried out by the patient with the help of the nurse. 

3. The patient earrying out self-administration on their own - validated by the nurse observing. 

The whole training period ean last for several weeks untll the nurse is assured that the patient 
ean safely eope at home. 

Arrangements will need to be made for regular eheeks by the nurse on the situation to ensure 
that no problems occur, such as regular eheeks on the ongoing ability of the patient/family to earry 
out this procedure safely, as well as setting up a system of being able to be eontaeted to deal with 
questions or emergenees if/as they arise at home. 
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Natural killer eells 

There is a further type of lymphoeyte, which appears to express only the earliest markers of 
T-eell differentiation.These are known as null eellsor NK(natural killer) eells.The NKeells do 
not bind antigen, nor are they induced to proliferate by eontaet with an antigen. Rather, they 
bind to ehemieal ehanges on the surfaces of virally infeeted eells or malignant eells, rather 
than antigen reeeptors (Rote and MeGanee, 2014). 

Although they are lymphoeytes, these eells are usually elassified within the innate immune 
system. 

Prímary and seeondary response to ínfeetíon 

Finally, we will examine the immune system's response to infeetions. The one thing that really 
marks out the acquired immune system as speeial is its ability to Yemember' previous encoun- 
ters with an antigen. Without this ability, eaeh time an individual eame into eontaet with a 
particular antigen there would be a riskof a serious, possibly fatal, illness.This immune memory 
is crucial because it allows the body to mount an immediate immune response to an antigen 
without waiting for the immune system to work out a way of destroying that antigen eaeh time 
it infeets us. 

How does the immune system gain this memory of a speeifie antigen?There are two immune 
responses: the primary and seeondary responses. The primary response occurs when the 
immune system first eomes into eontaet with a new antigen (such as an infectious organism), 
and the seeondary response occurs with all subsequent encounters with that same antigen. 

Prìmary ímmune response 

With the primary immune response, there is always a long time period before a response 
ean be made. This is known as the 'lag' phase because the response lags some way behind 
the encounter with the antigen (Figure 16.14). During this time there are no deteetable 



1st exposure 2nd exposure 

to antigen to antigen 
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Fìgure 16.14 Antibody responses to an infeetion. 
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antibodies produced by the mature B-eell lymphoeytes, but the immune system is vvorking 
out hovv to destroy the antigen. 

In the ease of the primary immune response, the lag phase ean take anything from 5 to 10 days 
before there has been sufficient production of antibodies to make a differenee. During this 
period, the host ean beeome very siek and may even die. 

The major immunoglobulin elass produced at this stage is IgM, and only small amounts of IgG 
are produced, but hopefully enough to destroy the antigen. 

At the same time as the antigen is being destroyed, the memory eells are retaining a memory 
of this speeifie antigen and hovv to defeat it and this memory vvill stay vvith the host for a long 
time. Eaeh time the host is infeeted by that same antigen, the memory eells are reinforeed. 

inieal eonsiderations 1 

Hand washing 

Hand vvashing is the single most important measure in preventing eross-infeetion. The technique 
employed involves thoroughly eleaning, rinsing and drying both hands. Hands are the prineipal 
route by vvhieh eross-infeetion occurs. 

There have been many eoneerted efforts to enforee strieter hand vvashing polieies in all health 
and soeial eare settings; effeetive hand vvashing remains an essential public health initiative. Hand 
vvashing is an essential aspeet of any earegiver's repertoire of skills, and these skills must be mas- 
tered in order to provide all people vvith a safe environment. Those people vvith immunological 
defìeieneies are at a particular risk of infeetion; and as such, attention to scrupulous hand vvashing 
techniques must be earried out at all times. 

All healtheare providers should strive to make hand vvashing an automatic behaviour that is 
performed by all in homes, sehools and other environments. Families and earers vvho eome into 
eontaet vvith those people vvith an immunological defìeieney must adhere to effeetive hand 
vvashing. The key aim of effeetive hand vvashing is to prevent the spread of mieroorganisms 
betvveen people or betvveen other living things and people. Inanimate objeets and surfaces, such 
as eontaminated cutlery or elinieal equipment may put the health and vvell-being of an immuno- 
logieally eompromised person at risk. 

Llsing the eorreet hand vvashing technique not only saves lives but ean also save money. Poor 
hand vvashing praetiees ean lead to urinary traet infeetions, bloodstream infeetions, respiratory 
infeetions and infeetion of ineisional vvounds.These infeetions are caused by the transfer of miero- 
organisms from staff and families to vulnerable people, vvhieh could be prevented by using the 
eorreet hand vvashing procedures. 

In all healtheare environments hand vvashing is mandatory and must be earried out using 
established polieies and procedures. There are a number of praetiees assoeiated vvith hand 
hygiene-for example, using aleohol hand rubs and the aet of physieally vvashing the hands. 
The consequences of failing to use the eorreet procedure are many; the impaet this ean have on the 
health and vvell-being of the person you are earing for ean be devastating. 


Seeondary ímmune response 

If, at a later date, the same antigen infeets the body again, because of the memory T-eell 
lymphoeytes, the body is eapable of mounting a seeondary immune response that is much 
quicker. Because the memory eells are earrying their memory of this antigen, production of 
antibodies ean take plaee very quickly, so that there is a very short lag phase. 
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In a seeondary immune response, the major antibody elass produced is IgG, although oeea- 
sionally IgA or IgE may be produced depending upon the nature of the antigen and its route of 
entry (Nairn and Helbert 2007). IgG is produced in huge quantities very quickly, and therefore 
the response is very rapid and effeetive - often, the antigen is destroyed before any signs and 
symptoms appear. 

lmmunìsatìons 

lmmunìsatìon, or vaeeination, is either the proeess of transferring antibodies to an individual 
who is laeking them (passive immunisation) or the proeess of inducing an immune reaetion in 
an individual (aetive immunisation). lmmunisations induce the primary response by exposing 
the immune system to a vaeeine that includes an infectious organism which is either inaetivated 
(killed) or attenuated (weakened) so that it is no longer infectious but still possesses the reeeptors 
that ean stimulate the immune system. 

Passíve ìnnmunìsatìon 

In passive immunisation, the individual is actually injeeted with the antibodies. There are two 
types of passive immunisation, which are natural and very eommon: 

• The mother transfers IgG antibodies aeross the plaeenta to the foetus. VVhatever organisms 
the mother is immune to, the newborn baby will also be immune to them. 

• During breastfeeding, when the mother passes IgA antibodies to the baby in her colostrum 
and milk. 

Passive immunisation is also short-lived and lasts only as long as it takes for these antibodies 
to be eleared from the body. This type of immunisation will not normally provoke an immune 
response in the reeipient; therefore, there will be no immunological eover for subsequent 
exposure to that particular antigen. 

Aetìve ìmmunìty 

Aetive immunity is the proeess of presenting antigen to the immune system to induce an 
immune response to it. This is the type of immunity that takes advantage of the primary and 
seeondary responses to immunity and is the basis for all the immunisations/vaccinations that 
we have throughout our lives. 

A vaeeine has to be able to stimulate both T- and B-eell lymphoeytes to provide an immune 
response. If a vaeeine is effeetive, it provides eommon immunity to a population. 

Conclusíon 

This eompletes the ehapter on the immune system. As you have learned, it is a very complex 
system, with eaeh of the many eomponents interaeting with others to provide us with the pro- 
teetion that we need to survive in this very dangerous world. But above all, hopefully you will be 
amazed and awestruck at its ability to fulfil its major role: that of keeping us safe from infeetions 
and other potential harm that could befall us. 

VVhat you must remember is that immunology is a dynamie subject. Researeh in the speeialty 
is continually bringing us new knowledge, not only of the anatomy and physiology of the 
immune system, but also of disorders affeeted by it and of new therapies. 

There is now so much progress being made in immunology that it is impossible to prediet the 
future. But then, this is what makes immunology such an exciting speeialty with which to be 
involved. 
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Acquìred ímmuníty lmmunity that is acquired throughout life by eoming into eontaet with many 
different infectious agents. 

Aetìve ìmmunìty lmmunity developed insidethe body asa result of encountering infectiousagents. 

Antìbodìes Also known as ìmmunoglobulíns, antibodies ean reeognise and attaeh to infectious 
agents and so provoke an immune response to these infectious agents. They are also opsonìns. 

Antígens Anything that provokes an antibody response. 

Atopy A type of hypersensitivity that is linked to ìmmunoglobulìn E. 

Baeterìeìdal The ability to kill baeteria. 

Basophìls White blood eells that take part in the proeess of phagoeytosis. Also involved in allergie/ 
atopie reaetions. 

B-eell lymphoeytes Blood eells from which antibodies (immunoglobulins) develop. Part of the 
humoral immune system. 

Cell-medìated ímmunìty Thetypeof acquired immunity generated by theT-eell lymphoeytes. 

eiottìng system The elotting of blood to reduce blood loss. Also involving thromboeytes (platelets). 

Gomplement faetors A group of proteins that are involved in many of the immune proeesses 
(e.g. phagoeytosis and inflammation).They are also opsonìns. 

Gytokìnes Chemical messengers that affeet the behaviour of other eells, including eells of the 
immune system. 

Cytotoxìcìty The proeess by which infectious mieroorganisms are killed or damaged (eyto = eell, 
toxicity = dangerous to). 

Eosìnophíls White blood eells involved in the destruction of parasitie worms, but also linked to 
hypersensitivity. 

Epìtopes The parts of a eell that ean bind to other eells (i.e. eell reeeptors). 

Granulocytes White blood eells that take part in the proeess of phagoeytosis. 

Humoral ímmuníty Another name for antibody immunity.This is the part of the acquíred ìmmune 
system that relies upon antibodies to help in the destruction of infectious agents. 

Hypersensìtìvìty A heightened immune response that ean cause allergies and atopie diseases. 

lmmunísatìon The proeessofeithertransferring antibodiestosomeone(i.e. passiveimmunisation) or 
inducing an immune reaetion naturally but safely (i.e. aetive immunity). 

Immuníty The body's response to infeetion, damage or other diseases. 

lmmunoglobulìns Also known as antibodies. 

Inflammatìon The body's immediate reaetion to tissue injury or damage. 

Innate ìmmunìty The immunity with which we are born. 

Kíníns A speeialist group of plasma proteins (i.e. proteins that circulate within blood plasma) and 
have a role to play in the proeess of inflammation. 

Kìnín system The system in which kinins operate in order to aetivate and help inflammatory eells, 
such as neutrophils, to function properly as well as being involved in making the blood vessels more 
permeable to allow eells of the immune system to get to the area of inflammation or damage. 
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Leucocyte Another term for a white blood eell (leuco = white, eyte = eell). 

Lymph A colourless liquid derived from blood. 

Lymph nodes Nodules within the lymphatie system that eontain mesh traps which are able to trap anti- 
gens in order for them to be destroyed by antibodies and other eomponents of the immune system. 

Lymph vessels These are similar to blood vessels, but they earry lymph, antigens (e.g. baeteria), anti- 
bodies and other eomponents of the immune system, from the site of infeetion towards lymph nodes. 

Lymphatíe system This shadows the blood system, but is very much involved in immunity. It 
eonsists of lymph vessels that eontain lymph (which transports antigens and antibodies) and also 
lymph nodes and other lymphatie tissues (such as the tonsils and the spleen). 

Lymphoeyte The major white blood eell of the acquired immune system. 

Maerophage Also known as a tissue maerophage, it is a white blood eell that takes part in the pro- 
eess of phagoeytosis within the tissues as opposed to within the blood circulation. 

Mast eells Cells of eonneetive tissue that are involved in the aetivation of the inflammatory response 
(inflammation). 

Medulla The eentral part of an organ. 

Monoeyte A type of phagoeytie white blood eell (known as a tissue maerophage onee it migrates 
into thetissues). 

Neutrophíls White blood eells that take part in the proeess of phagoeytosis. 

NK eells Natural killer eells are a elass of lymphoeytes that are not speeifie to eertain infectious 
agents and so are often elassed with innate immunity as opposed to acquired immunity. 

Null eells Another name for the NK eells. 

Oedema A seientifie term for swelling. 

Opsonìns Substances that bind antigens to phagoeytie eells, and so enhanee the proeess of phago- 
eytosis (e.g. eomplement faetors and antibodies). 

Passìve ìmmunìty The proeess of transferring antìbodìes to someone who is vulnerable to infee- 
tions and eannot make their own aetive immunity. 

Phagoeyte White blood eells that are able to ingest and destroy infectious mieroorganisms and 
other non-self matter, and include, among others, neutrophils and maerophages. 

Phagoeytosìs The ingestion and destruction of infectious mieroorganisms and other non-self mat- 
ter by speeialised eells (phagoeytes). 

Plasma eells Cells that develop from B-eell lymphoeytes and that produce antibodies. 

Platelet See thromboeyte. 

Primary response The immune response that occurs when we first eome into eontaet with a new 
infectious agent. 

Prostaglandíns Fatty aeids that function as part of the inflammatory proeess (inflammation). 

Pseudopodía (Literal meaning = Talse arms'). These are finger-like projeetions that emerge from 
eells and, within immunity, they are very important in the proeess of phagoeytosis. 

Seeondary response The immune response that following a successful primary immune response 
to a speeifie infectious agent, occurs every time we encounter that same speeifie infectious agent. 

Spleen Part of the lymphatie system, it functions to fight infeetions and to filter and elean blood. In 
addition, it serves as a blood reservoir. 
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T-eell lymphoeytes White blood eells that have many functions, including eontrol of the acquired 
immune system and killing viruses.The major eomponent of the eell-mediated immune system. 

Thromboeyte Another name for a platelet; it is important in the elottìng proeess 

Thymus The organ of the body where T-eell lymphoeytes mature, distinguish between self and 
non-self eells and differentiate into various types of T-eells that eaeh have different functions within 
the acquired immune system. 

Tonsils Lymph tissue that is situated within the oral region (the mouth) and helps to proteet the 
respiratory and gastrointestinal traets from infeetions. 

Trabeculae Gonneetive tissue strands that help to form part of the framework of organs, so giving 
them rigidity. 
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Further readìng 

INGID (Internatíonal Nursíng Groupfor immonodefíeíeneíes) 

www.ingid.org 

eontains excellent learning/teaehing materials and information on immunology and immunodeficiencies. 
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UK Prímary lmmunodefícìency Netvvork (UKPIN) 

http://www.ukpin.org.uk/ 

Gonnbines doetors, researehers and nurses. 

European Federation of lmmunology Soeietíes (EFIS) 

http://www.efis.org/ 

An umbrella organisation for all European immunology soeieties. 

Immune Defieieney Foundation (IDF) 

http://www.primaryimmune.org/ 

Ameriean immune defieieney organisation - much excellent information. 

Allergy UK 

www.allergyuk.org 

Offers support and adviee to adults and ehildren on all allergies and intoleranees, including allergie 
eonditions such as eezema, dermatitis, asthma, and so on. 

Aetívítìes 

Multiple ehoiee questions 

1 . The two branehes of white blood eells that form a major part of the immune system are: 

(a) lymphoid and myeloid 

(b) lymphoid and megakaryoeytes 
(e) megakaryoeytes and erythrophils 

(d) myeloid and maerophages 

2. lmmunoglobulins are produced by: 

(a) antibodies 

(b) plasma eells 

(e) T-eell lymphoeytes 

(d) platelets 

3. The speeifie immune system is also known as: 

(a) lymphatie immunity 

(b) meehanieal immunity 

(e) innate immunity 

(d) acquired immunity 

4. The spleen is the organ in which: 

(a) T-eells mature 

(b) immune eells learn to reeognise'non-self eells 

(e) lymph nodes develop 

(d) dead red blood eells are disposed of 

5. lmmunoglobulin E: 

(a) triggers allergie reaetions 

(b) aetivates the eomplement system 

(e) enhanees phagoeytosis 

(d) proteets the body against respiratory infeetions 

6 . Natural killer (NK) eells are: 

(a) antibodies 

(b) erythroeytes 

(e) lymphoeytes 
(d) opsonins 
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7. The primary response to infeetion: 

(a) builds on a memory of past infeetions 

(b) mainly eoneerns IgG antibodies 
(e) is a passive proeess 

(d) mainly eoneerns IgM antibodies 

8 . lmmunisation isanother namefor: 

(a) immunoglobulin production and development 

(b) antibodies 

(e) vaeeination 

(d) maturation of lymphoeytes 

9. Cytotoxicity is the proeess of: 

(a) eell memory 

(b) eell suppression 

(e) eell destruction 

(d) eell development 

10. T-helpereellsare: 

(a) eoated with CD8 glyeoproteins 

(b) eoated with CD4 proteins 

(e) cytotoxic eells 

(d) inflammatory eells 

True or false 

1 . Phagoeytes are red blood eells. 

2. The thymus is where immatureT-cells mature. 

3. Another name for an antibody is an immunoglobulin. 

4. White blood eells are deseended from omnipotent stem eells. 

5. Maerophages include monoeytes and granulocytes. 

6 . One braneh ofT-eells develop into plasma eells. 

7. The spleen is a lymphatie organ. 

8 . The right lymphatie duct reeeives lymph from the right arm. 

9. The lymphoid system enables lymphoeytes to proteet tissues from infeetions. 

10. Sneezing is a physieal barrier within the immune system. 


Label the diagram 

From the following list of words, eomplete the labelling of the diagram of the fìrst stage of 
phagoeytosis: 

Antibody, eell nucleus, eomplement, phagoeyte, vesieles 
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Fill in the blanks 

Granulocytes are divided into three types; namely, neutrophils,_and basophils. 

These eells are ealled granulocytes because, under a high-powered mieroseope, they appear to 

be full of little_. These, however, are actually_(or empty spaees) within 

the eells, and they are very importantly involved in the proeess of_, which is the 

destruction of_organisms, such as_and viruses.They work by fìrst of all 

_them and then they ingest them, so destroying the organisms and, at the same 

time, also providing the eell with_. 

baeteria, engulfìng, eosinophils, granules, infectious, nutrition, phagoeytosis, vacuoles 


Word seareh 

Find the following words within the grid: 


eilia, cytotoxicity, IgM, inflammation, lymphoeyte, NKeell, node, phagoeytosis, platelets, spleen, 
tears, thymus 
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Find out more 

1. What are the immunisation schedulers for your country? 

2. Find out the differenees, in terms of cause, symptoms and treatment between rheumatoid 
arthritis and osteoarthritis. 

3. Explore the different methods of immunoglobulin therapy for people with primary 
immunodeficiency disorders 

4. Look at what medieal eonditions are treated by immunoglobulin therapy, other than primary 
immunodeficiencies. 

5. What is anaphylaxis and how is it treated? 
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6 . What are the differenees betvveen baeteria and viruses, and vvhat are the differenees 
betvveen hovv these infectious eonditions treated? 

7. What is the normal treatment for a patient diagnosed vvith pulmonary tuberculosis (TB)? 

8 . Find out about and discuss the isolation poliey for the hospital/healtheare eentre, ete., that 
you are vvorking in or have vvorked in as part of your nurse education. 

9. Hovv ean nurses prevent infectious disease in hospitals and other healtheare institutions, as 
vvell as the home? 

10. Find more out about the link betvveen stress (physieal, soeial, and psyehologieal) and the 
immune system. 

eondítions 

The follovving is a list of eonditions that are assoeiated vvith the immune system.Take some time 
and vvrite notes about eaeh of the eonditions. You may make the notes taken from text books or 
other resources (e.g. people you vvork vvith in a elinieal area), or you may make the notes as a 
result of people you have eared for. If you are making notes about people you have eared for you 
must ensure that you adhere to the rules of eonfìdentiality. 
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Septieaemia 


Myasthenia gravis 


Pernicious anaemia 


Skin allergy 


Hay fever 


Goeliae disease 


Multiple selerosis 


Tuberculosis 
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® Name the layers of the skin. 

- Deseribe the role of the skin in health. 

® What arethree key functions of the skin? 

How does the skin provide or help to provide the body with various defenee meehanisms? 
® Why is ultraviolet light sometimes harmful to the skin? 

® What is the role of the skin in relation to thermoregulation? 

• Discuss skin ehanges as the body ages. 
í What is melanin? 

How does skin regenerate? 

How does pigment add to skin colour? 



After reading this ehapter you will be able to: 

• Discuss the anatomy and physiology of the skin 

• Deseribe the various functions of the skin 

• Discuss the structure and growth of the appendages 

• Explain how the skin functions as a homeostatie meehanism 

• Outline the faetors that determine skin colour 


Fandamentals ofAnatomy and Physiology: For Narsing and Heaitheare Stadents, Seeond Edition. Edited by lan Peate and Moralitharan Nair. 
© 2017 John VViley & Sons, Ltd. Poblished 2017 by John VViley & Sons, Ltd. 

Stodent eompanion vvebsite: vvvvvv.vvileyfundamentalseries.com/anatomy 
lnstructor eompanion vvebsite: vvvvvv.vviley.com/go/instructor/anatomy 
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Hair 


Skin and 

assoeiated 

glands 


Fingernails 
(and toenails) 


lntroductíon 

The skin, sometimes referred to as the integumentary system, proteets the body in a number 
of ways; without skin and its proteetive meehanisms the human being would not survive. 
The skin is often the only organ of the body that is on show all of the time, and because of 
this the skin ean reveal how we feel emotionally; for example, we may blush. It ean also reveal 
how we are from a physiologieal perspeetive; for example, it ean appear eyanosed.The skin 
is the organ that is the most eommonly exposed to disease or infeetion. The skin is almost 
entirely waterproof. 

Theskin hasa numberof homeostaticelements;forexample, it ean regulate bodytemperature 
and is often spoken of as the skin with appendages. The appendages are modifieations of the 
skin. LeMone and Burke (2011) suggest that the average adult has 2 m^ of skin, which weighs 
approxlmately 4.1 kg. The skin is twice as heavy as the brain. There are about 4.5 m of blood 
vessels, 3.6 m of nerves, 2.6 million sweat glands, 1500 sensory reeeptors and over 3 million eells 
that are continuously dying and being replaeed.The skin reeeives nearly one-third of all blood 
that flows through the body (Rizzo, 2006). 

The skin plays a vital role in health and well-being. Any disturbance in skin ean lead to physi- 
eal and or psyehologieal problems, and this in turn has the ability to impaet on a person's 
quality of life. Just as a house needs brieks and mortar to aet as a framework, the house would 
be of little value if it were not waterproof. Llsing this analogy, the house also needs shelter 
from the environment, and in the human this job is earried out by the skin. The skin provides 
a defensive barrier, defending the body from the elements and safeguarding against patho- 
gens. It also offers a number of other functions. The skin is made up of a superficial epidermis 
and a deeper structure ealled the dermis. Prior to discussing thefunctions of the skin, the next 
seetion will outline the structure of the skin. 
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Aene vulgaris 

Aene vulgaris is a disorder of the pilosebaceous follieles loeated in the faee and upper trunk. 

At puberty, androgens inerease the production of sebunn from enlarged sebaceous glands; these 
beeome bloeked and infeeted, causing an inflammatory reaetion. 

Karl is 15 years ofageand has aene vulgaris.This has impaeted his self-eonfidenee, and hisfather 
reports that he has beeome withdrawn so much that he dreads going to sehool as his elassmates 
tease him. Aene ean cause severe psyehologieal problems, undermining the person's self-assurance 
and self-esteem at a vulnerable time in their life. 

Follieles that are impaeted and distended by ineompletely desquamated keratinoeytes and 
sebum are known as eomedones. These ean be open (blaekheads) or elosed (whiteheads). 
The inflammation causes papules, pustules and nodules to appear. 

Aene is a mild and self-limiting eondition; however, teenagers like Karl are very sensitive about it, 
and because of this it is essential to be empathetie as well as providing adviee and reassurance. 

In KarFs ease the eondition was ongoing and he required referral to a dermatologist who instigated 
topieal and systemie treatment. 

The structure of skín 

Aeeording to Shier etal. (2013), the skin is one of the more versatile organs of the body.The skin 
is eomposed of two distinet regions: the dermis and the epidermis. The subcutaneous faeia 
(sometimes referred to as the hypodermis) lies under the dermis (Golbert et al., 2012); these 
masses of loose eonneetive and adipose tissue attaeh to the skin and organs beneath; they are 
not part oftheskin. 

The epídermís 

The superficial and thinnest aspeet of the skin, the epidermis is the area of skin that ean most 
eommonly be seen. While the skin eovers the whole of the body, there are several regional 
distinetions, and these are assoeiated with flexibility, distribution and type of hair, density and 
types of gland, pigmentation, vascularity, innervations and thiekness (Jenkins et al., 2013). 
The thinnest part of the skin ean be found on the eyelids; here, it is just 0.5 mm in thiekness, 
whereas at the heel it is 4.0 mm thiek. 

The epidermis is made up of epithelium, ealled keratinised stratified squamous epithelium, 
and containsfour key eell types (Figure 17.1): 

• keratinoeytes 

• melanoeytes 

• Langerhans eells 

• Merkel eells. 


Keratìnoeytes 

These eells are organised in four layers.They are responsiblefor producing a protein ealled kera- 
tin. Keratin is a tough, fibrous protein that aids in the proteetion of the skin and tissues below 
from the heat, mieroorganisms and ehemieals. The keratinoeytes are also responsible for the 
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Fìgure 17.1 (a-d) The types of eells in the epidermis. Source: Tortora and Derriekson (2009). 

Reproduced with permission of John Wiley & Sons. 


production of the water-resistant properties of the skin, and aet as a type of sealant that reduces 
water entry as well as water loss; they also prevent the entry of foreign matter. 


Melanoeytes 

The developing embryo produces the pigment melanin from the melanoeytes. Melanoeytes are 
most profuse in the epidermis of the penis, nipples, the areola, faee and limbs. Melanoeytes have 
long, slender projeetions that extend between the keratinoeytes and have the ability to transfer 
melanin granules. Melanin is responsible for the natural colour of a person's skin, and it helps to 
defend it from the damaging effeets of the sun. 

When skin has been exposed to a great deal of sun the melanoeytes multiply the quantity of 
melanin in order to absorb more ultraviolet rays. This aetivity makes the skin darker, giving it a 
suntanned appearanee. A suntan indieates that the skin has been harmed and is attempting to 
defend itself. 

All people have about the same number of melanoeytes; those people with brown or 
blaek skin have the same number of melanoeytes but they make more of the pigment 
melanin. It is the amount of melanin produced and how it is distributed that results in a 
variation of skin colour. These people have more natural proteetion from the harmful 
ultraviolet rays of the sun. Moles (sometimes ealled naevi) are a group or a cluster of melano- 
eytes that lie elose together. The majority of people with white skin have approximately 
10-50 moles on their skin. 
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Skin bíopsy 

A skin biopsy is a procedure in which a sample of skin tissue is removed, proeessed and then examined 
under a mieroseope; it is usually performed to diagnose skin eaneer. There are several methods that 
may be used to obtain a skin sample; the method ehosen will depend on the size and loeation of the 
abnormal area of skin (the skin lesion). When the speeimen has been taken it is plaeed in a solution 
(e.g. formaldehyde) and sent to the laboratory for proeessing and examination. 

An assessment of the patient is earried out prior to a skin biopsy being performed. There is no 
speeial preparation required before having the biopsy. A eonsent form will need to be signed. 

The skin is eleaned and a marker may be used to outline the edges of the skin sample. The pro- 
cedure is undertaken using sterile eonditions. A loeal anaesthetie is injeeted and the procedure 
performed; in some eases sutures will not be needed (e.g. a shave biopsy).The biopsy site is then 
eovered with a sterile dressing. In a punch biopsy there may be a need for sutures, depending on 
the size of biopsy. In excision biopsy, pressure may be applied to the site until the bleeding stops; 
sutures will be required to elose the wound. 

After the procedure, speeifìe instructions are given to the patient on how to eare for the biopsy 
site. The biopsy site should be kept elean and dry until it heals eompletely. The elinie or hospital 
where the biopsy took plaee should be eontaeted if the patent experiences excessive bleeding or 
drainage through the bandage. If there is inereased tenderness, pain, redness or swelling at the 
biopsy site then the dermatology nurse or doetor should be eontaeted. 


Langerhans eells 

These eells are part of the immune system and arise from the red bone marrow (see Ghapter 5 
for a discussion on the red bone marrow). These eells migrate from the bone marrow to the 
epidermis and make up a small part of the epidermal eells. The Langerhans eells regulate 
immune reaetions in the skin as a defenee against mieroorganisms that invade it (Lewis and 
Roberts, 2009); these eells are very fragile when exposed to the sun. 

The Langerhans eells proeess mierobial antigens (they help to stimulate lymphoeytes); their 
role is to assist other eells of the immune system in response to and reeognition of mieroorgan- 
isms and destroy the invading mierobes. 

Merkel eells 

A Merkel eell has the ability to have eontaet with a flattened proeess of a sensory neurone 
(a synaptie eontaet); this is a structure ealled a taetile dise (sometimes this is ealled a Merkel dise). 
The Merkel eells and the taetile dises (the least numerous of eells on the epidermis) are eapable 
of deteeting touch sensations (Tortora and Derriekson, 2011). 

Layers of the epídermís 

Just as there are two distinet layers of skin - the dermis and epidermis - there are also a number 
of distinet layers of keratinoeytes.These layers are developed over time and form the epidermis. 
These layers are ealled strata and are mieroseopieally visible (see Figure 17.2). 

The superficial and deeper levels of the skin are: 

• the stratum basale 

• the stratum spinosum 

• the stratum granulosum 
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• the stratym lucidunn 

• the stratum corneum. 

These are now discussed separately, and Table 17.1 provides an overview of the layers of the 
epidermis. 
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Fìgure 17.2 A mieroseopie perspeetive of the skin with the various strata. Source: Tortora and 
Derriekson (2009). Reproduced with permission of John Wiley & Sons. 


Table 17.1 The layers of the epidermis 


Layer 

Loeatìon 

Deseription 

Stratum basale 
(sometimes ealled 
the basal eell layer) 

The deepest layer 

Cuboidal eells that are arranged as a single row; these 
divide and grow.The stratum basale also eontains 
melanoeytes 

Stratum spinosum 

Above the stratum basale and 
below the stratum granulosum 

These keratinoeytes are tightly paeked, flat and have 
spine-like projeetions 

Stratum granulosum 

Under the stratum corneum 

Flattened eells arranged in approximately three to five 
layers. Proteetthe bodyfrom losing fluid and also proteet 
from harm. Gompaet brittle eells as they lose their nucleus 

Stratum lucidum 

When present, situated 
between the stratum corneum 
and the stratum granulosum 

These eells are not present on the soles and palms. 

The eells have no nucleus and are tightly paeked 

Stratum corneum 

The most superficial of layers 

Several layers of keratinised, dead epithelial eells. 

These eells are flattened and have no nucleus 
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Personal hygiene 

One of the most important aspeets of the role and function of the nurse is to help people to wash 
themselves when they are unable to do so. VVashing is often seen as a basie nursing task; however, 
the nurse should eonsider this is a skilled aetivity that requires much thought and assessment of 
the person being eared for. 

Llnderstanding the anatomy and physiology of the skin and the complexities assoeiated with 
this body system ean help you to help the people you eare for. VVhen helping a person to maintain 
personal hygieneyou should ensurethatyou use soapsand othertoiletriesthat will not damageor 
potentially damage skin integrity.This will include ensuring that the person is not allergie to any of 
the products that have been ehosen to wash and eleanse the skin. As far as is possible you should 
always askthe person if they are allergie to any toiletries or other skin products, as some people are 
allergie to some of the ehemieals found in soaps and eleansing products. This element of eare 
provision requires you to be able to assess an individual's needs. 

You should bear in mind that when using some kinds of soap this ean have the same effeet on 
the skin as swimming in the sea, the lather worked up by the soap when it is on the skin has a 
higher eoneentration of glyeerine and this ean then draw out water from the epidermis. 
The product that has been ehosen to elean the skin may have a harmful effeet on the person's 
skin and ean potentially lead to the development of some skin eonditions;for example, dermatitis 
and eezema. 


Stratum basale 

The stratum basale rests on the basement membrane and is the deepest layer of the epidermis; 
this layer provides a definite border between the dermis and epidermis. This is made up of a 
single row of columnar keratinoeytes. The eells (stem eells or mother eells) of the epidermis 
originate from this deep layer. New eells are being eonstantly produced; they are continually 
dividing (the eonstant regeneration of the skin), slowly pushing older eells (ealled daughter 
eells) up through the other layers of the epidermis until they reaeh the surface. 

Stratum spinosum 

Above the stratum basale lies the stratum spinosum. The keratinoeytes in this layer have spine- 
like projeetions (spinosum means thorn-like or priekly). The keratinoeytes are tightly paeked 
here. This tight paeking arrangement provides strength and flexibility to the skin. 

Stratum granulosum 

As the layers move towards the superficial level, the next layer is the stratum granulosum. 
There are between three and five layers of flattened keratinoeytes in this aspeet of the skin. 
These eells eontain granules (henee the name stratum granulosum) that form a water-resistant 
lipid (lamellar granules), proteeting the body from losing excess fluid and at the same time 
guarding against the entry of mierobes.The flattening of the eells occurs as a result of pressure 
from below.The eells here undergo apoptosis; they lose their nucleus priorto dying, beeoming 
eompaet and brittle as they move slowly up towards the surface; this proeess is known as 
keratinisation. The skin is now beeoming tougher and stronger, getting ready to perform its 
proteetive function.This layer lies below the stratum lucidum. 
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Stratum lucidum 

Lying below the stratunn corneunn is the stratunn lucidunn, also known as the elear layer. There are 
five layers of flat dead eells here; this layer is not found on all aspeets of the body, only on areas of 
thiek skin; for exannple, the heels. The eells have no nucleus and are tightly paeked, providing a 
barriertofluid loss. 

Stratum corneum 

This is the outer layer of the epidermis and is made up of a number (about 25) of seale-like layers 
that are dead and overlap with eaeh other; the ehief eomponent of these dead eells is keratin; 
most of the fluid within these eells has been lost. The eells of the lower layers are eomposed of 
approximately 70% water, whereas this layer is made up of 20% fluid (Rizzo, 2006). These eells 
are very tough and horny.The surface is eovered in lipids, which provide a proteetive barrier;this 
layer provides structural strength. Gonstant frietion means that this layer is being continuously 
rubbed off (sloughed off). 

There are other important functions assoeiated with this layer, and these are in relation to a 
physieal barrier to light and heat waves, mieroorganisms, ehemieals and injury. The stratum 
corneum beeomes thieker when it is exposed to strong sunlight providing a barrierto ultraviolet 
rays. If the ultraviolet rays do reaeh the dermis, they will destroy the protein eontent of the skin, 
and this ean lead to eaneer of the skin. 


558 


The dermìs 

The deepest part of the skin is ealled the dermis and lies direetly below the epidermis; it is 
predominantly eomposed of dense eonneetive tissue that eontains eollagen and elastie fibres. 
Embedded within the dermis are: 


• bloodvessels 

• nerves 

• lymph vessels 

• smooth muscles 

• sweatglands 

• hair follieles 

• sebaceous glands. 

The elastie system assoeiated with the dermis supports the eomponents above, as well 
as allowing the skin to flex with movement and to return to its normal shape when at rest. 
The dermis ean be divided into two layers: 

• the papillary aspeet 

• the reticular aspeet. 

The surface area of the dermis is much inereased as a result of the projeetile-like papillary 
layers; the papillary layers eonneet the dermis to the epidermis. The fingerprints arise from this 
layer. The deeper aspeet of the dermis is attaehed to the subcutaneous layer. Figure 17.3 shows 
the epidermis, the dermis and the subcutaneous layer. 


The papillary and reticular aspeets 

This aspeet of the dermis, aeeording toTortora and Derriekson (201 2 ), accountsfor one-fifth of the 
total dermal layer, the superficial layer. The ridges caused by the papillary aspeet are also known 
asfrietion ridges.These frietion ridges ean help the hand or foot grasp by inereasing frietion. 
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Fìgure 17.3 Three layers of skin: the epidermis, the dermis and subcutaneous layer. Source: Nair and 
Peate (2009). Reproduced with permission of John Wiley & Sons. 
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There is a eapillary network within the papillary aspeet. The dermal papillae also eontain 
Meissner's corpuscles, and these are taetile reeeptors or touch reeeptors.The nerve endings here 
are sensitive to touch, as well as to sensations assoeiated with warmth, eoolness, pain and 
itehing. 

Attaehed to the subcutaneous layer are irregular, dense, eonneetive tissues eontaining fibro- 
blasts and eollagen bundles, and eoarse elastie fibre forms the reticular aspeet. Other sensory 
reeeptors are found in this layer, for example, the Paeinian reeeptors for deep sensory pressure. 
This layer also eontains sweat glands, lymph vessels, smooth muscle and hair follieles; these are 
ealled the aeeessory structures and are discussed next. 

The aeeessory skín structures 

The aeeessory structures are also known as the appendages.The following aeeessory structures 
of the skin will be outlined in this seetion of the ehapter: 

• hair 

• skinglands 

• nails. 

The haìr 

Hair ean be found on most surfaces of the body apart from the palms, soles and lips; the 
amount its distribution, the colour and texture differ depending on loeation, gender, age and 
ethnie group. There are different types of hair, and the earliest type is distinetive at 
approximately the fifth month of foetal development. Known as lanugo, it is a very fine, 
downy, non-pigmented hair and eovers the body of the foetus. Just prior to birth the lanugo 
of the eyelashes, eyebrows and sealp is shed and replaeed by eoarse hair, longer in length and 
heavily pigmented. 
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The hairean play a part in a person'sdistinctiveappearance.Thecolourofthe hair is influenced 
by the melanoeytes that are found vvithin the hair bulb. A progressive deeline in melanin results 
in hair that is grey in colour. Hair grovvth is determined by genetie and hormonal faetors. 

Hairs are grovvths of dead keratin; eaeh hair is a thread of keratin and is formed from eells at 
the base of a single folliele (Timby, 2012).There are a number of functions assoeiated vvith hair: 

• sexual 

• soeial 

• thermoregulation 

• proteetion. 

The primary role of hair is to inhibit heat loss. The vvhole of the skin surface has hair follieles; 
every pore is an opening to a folliele, and these are loeated deep in the dermis on top of the 
subcutaneous layer. When heat leaves the body through the skin it beeomes trapped in the air 
betvveen the hairs. Eaeh gland has attaehed to it a small eolleetion of smooth muscle knovvn as 
the arreetor pili.These muscles eontraet and beeome ereet in response to eold, fear and emotion. 
The eontraetion of the muscle ean be seen on the skin in the form of'goose bumps'. 

Hair on the head ean proteet the sealp from the damaging effeets of the sun.The hair on the 
eyelashes and eyebrovvs guards the eyes from foreign partieles entering, and the hair situated in 
the nostrils helps to proteet against the inhalation of foreign material (e.g. inseets). 

Sebaceous glands aeeompany the hair follieles, and sebum (a liquid substance) is exuded by 
theseglands,supplying lubrication totheskin and atthesametimeensuring thattheskin and hair 
are vvaterproof as vvell as removing vvaste (e.g. old dead eells). Sebum is a slightly aeidie substance 
and has antibaeterial and antifungal properties (Page, 2006). The distribution of the sebaceous 
glands differs. They are foremost on the sealp, faee, upper torso and anogenital region, and these 
glands are at their most aetive during puberty. Lavvton (2006) and Page (2006) point out that the 
manufacture of sebum is influenced by sex hormone levels. Figure 17.4 shovvs a pilosebaceous 
unit; this is made up of the folliele, the hair shaft the sebaceous gland and the arreetor pili. 

The base of the onion-shaped bulb - the folliele - eontains blood vessels, providing 
nourishment for the developing hair. 


Hair 

Skin 

surface 


Sebunn 

Folliele 

Sebaceous 

gland 



Fìgure 17.4 A pilosebaceous unit. Source: Nair and Peate (2009). Reproduced vvith permission of 
John Wiley & Sons. 
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Skín glands 

There are a nyrnber of glands loeated vvithin the skin; these ean be thought of as mini-organs of 
the skin, vvhieh have a number of functions to fulfil.The svveat glands are eoiled tubes eomposed 
of epithelial tissue and open out to pores that are loeated on the skin surface (see Figure 17.5). 
All of the glands have separate nerve and blood supplies; eaeh seeretes a slightly aeidie fluid 
made up of vvater and salts. 

There are tvvo kinds of svveat gland: eeerine and apoerine. 

Eeerine glands 

Reaetion to heat and fear and the production of seeretions by the eeerine glands occur in 
response to aetivity of the sympathetie nervous system.These types of gland are loeated all over 
the body; there are hovvever sites on the body vvhere they are more numerous; for example, the 
forehead, axillae, soles and palms. 

The primary function of the eeerine glands is assoeiated vvith thermoregulation.This is aeeom- 
plished through the eooling effeet of the evaporation of svveat on the surface of the skin. During 
hot vveather, stress, exercise and pyrexia these glands produce more svveat. 

Apoerine glands 

The apoerine glands are also eoiled; there are not as many of these in eomparison vvith the 
eeerine glands, and they are found in more loealised sites, for example, the pubic and axillary 
areas,thenipplesand perineum.Theexactfunctionoftheapocrineglandsisnotfullyunderstood. 
These glands are not fully aetive until the person reaehes puberty; they are larger, deeper and 
produce thieker seeretions than the eeerine glands. During periods of stress and vvhen in a 
heightened emotional state these glands produce more svveat. 

There are a number of modified types of apoerine glands (speeialised types); for example, 
those that are seen on the eyelids, the cerumen-producing (ear vvax) glands of the external 
auditory eanal, and the milk-producing glands of the breasts. 


Hair folliele 



Sebaceous gland 


Straight duct 


Apoerine gland 
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Fìgure 17.5 A svveat gland. Source: Nair and Peate (2009). Reproduced vvith permission of John 
Wiley &Sons. 
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The apoerine glands first develop on the soles and palms and then gradually appear all over 
the body. It is understood that they seerete pheromones; these are released into the external 
environment enabling communication through the sense of smell with other members of the 
speeies, and this ean provoke a number of reaetions, including a sexual arousal reaetion. 
A viscous material is excreted that results in body odour when aetivated by surface baeteria. 

Naìls 

The nails provide a proteetive eovering for the ends of the fingers and the toes. Nails are tightly 
paeked, dead, hard, keratinised epidermal eells that form a elean, solid eovering over the digits 
(see Figure 17.6). 

The horn-like structure of the nails is a result of the eoneentrated amount of keratin present; 
there are no nerve endings in nails. Lawton (2006) notes that the nails aet as a counterforce to 
the fingertips, the fingertips have numerous nerve endings, permitting a person to reeeive 
information about objeets that are touched. 

The majority of the nail body is pink, a result of the blood eapillaries lying underneath. 
The white ereseent present at the proximal ends of the nail is known as the lunula and is 
formed by air mixed with keratin matrix. The size of the lunula varies with individuals. 
The cuticle (also ealled the eponychium) is stratum corneum extending over the proximal 
end of the nail body. 

Fingernails grow faster than toenails; as a person ages, the growth of nails slows. Nail growth 
varies, on average they growat a rate of 0.01 em per day (1 em per 100 days). Fourto six months 
is required for fingernails to regrow eompletely; it takes toenails between 12 and 18 months for 
total regrowth.There are a number of faetors that will influence the growth;for example, the age 
of the individual, the time of year, the amount of exercise undertaken, as well as hereditary 
faetors (Haneke, 2006).Thegrowth of nailsean bedelayed by trauma and inflammation;changes 
in the integrity of the nails ean be caused by injury or infeetion. In some eases, evidenee of 
systemie diseases ean be identified by the eondition of the nails, for example, ehronie cardiopul- 
monary disease or fungal infeetion (Timby, 2012). 


Proximal nail fold 




Fìgure 17.6 The nail. Soi/ree: Nairand Peate (2009). Reproduced with permission of John Wiley &Sons. 
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Snapshot ~ 

eapillary nail bed refìll (also ealled the nail blaneh test) 

This test is perfornne(d on the nail beds as an indieator of tissue perfusion. 

An explanation of the test is given to the patient; the nurse should explain that there will be 
minor pressure to the bed of the nail and this should not cause diseomfort. Nail polish should be 
removed prior to taking the test. 

Gently, pressure is applied to the nail bed until it turns white, indieating that the blood has been 
foreed from the tissue (blanehing). Onee the tissue has blanehed, pressure is removed. While the 
patient holds their hand above their heart, the nurse measures the time it takes for blood to return 
to the tissue. Return of blood is indieated by the nail turning baek to a pink colour. If there is a 
good blood flow to the nail bed, a pink colour should return in less than 2 seeonds after pressure 
is removed. 

Any abnormalities must be reported to the person in eharge.The outcome of the test should be 
documented in the person's notes. 


The functìons of the skìn 

A fundamental understanding of the structure of the skin allows the reader to begin to under- 
stand the numerous functions of the skin.These functions include: 

• sensation 

• thermoregulation 

• proteetion 

• excretion and absorption 

• synthesis of vitamin D. 

Sensatíon 

There are several reeeptor sites on the skin that have the ability to sense ehange in the external 
environment in respeet to temperature and pressure; these reeeptors throughout the skin are 
made up of a wide and varied range of nerve endings. The messages pieked up in the skin 
are then usually transferred to the brain. Ghapter 14 eonsiders the senses in more detail. 

Sensations that arise in the skin are known as cutaneous sensations; other sensations are 
those assoeiated with vibration and tiekling and irritations. There are some areas of the body 
that have more sensory reeeptors than others; for example, the lips, genitalia and tips of the 
fingers.The sensation of pain ean signify actual or potential tissue injury. 

Medieations management i 

Use of topieal steroíds 

Topieal steroids are used in addition toemollients (moisturisers) fortreating skin eonditions such as 
eezema. Topieal steroids reduce skin inflammation. Topieal steroids are ereams, ointments and 
lotions eontaining steroids; they work by reducing inflammation in the skin. Steroid medieines that 
reduce inflammation are also known as eortieosteroids. 

(Continued) 
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They are generally grouped into four eategories, depending on their strength: mild, moderately 
potent potent and very potent.There are various brands and types in eaeh eategory. Hydroeortisone 
eream 1 %, for example, is a eommonly used steroid eream and is elassifìed as a mild topieal steroid. 
The greater the strength, the more effeet it has on reducing inflammation but the greater the risk 
of side effeets with continued use. Greams are usually best to treat moist or weeping areas of skin. 
Ointments are usually best to treat areas of skin that are dry or thiekened. Lotions may be useful to 
treat hairy areas, such as the sealp. 

It is usual to use the lowest strength topieal steroid fìrst. Hydroeortisone 1%, for example, is 
often used, particularly when treating ehildren. If there is no improvement after 3-7 days, a 
stronger topieal steroid may be preseribed. For severe eases a stronger topieal steroid may be 
preseribed from the outset. Oeeasionally, two or more preparations of different strengths 
are used at the same time, for example, a mild steroid for the faee and a moderately strong 
steroid for patehes of eezema on the thieker skin of the arms or legs. A very strong topieal 
steroid is often needed for eezema on the palms and soles of the feet of adults as these areas 
have thiek skin. 

In most eases, a course of treatment for 7-14 days is enough to elear a flare-up of eezema. 
In some eases, a longer course is needed. Many people with eezema may require a course of topieal 
steroids to elear a flare-up. The frequency of flare-ups and the number of times a course of topieal 
steroids is needed is dependent on patient needs. 

Short courses of topieal steroids are usually safe and cause no problems. Problems may arise if 
topieal steroids are used for long periods, or if short courses of stronger steroids are repeated often. 
Side effeets assoeiated with mild topieal steroids are uncommon. Side effeets from topieal steroids 
ean either be loeal or systemie. 


Thermoregulation 

The skin has a role to play in homeostasis through thermoregulation, helping to keep the 
temperature of the body within narrow ranges, adapting and adjusting as a person engages in 
a number of different aetivities. Effeetive thermoregulation is essential for survival; temperature 
ehanges ean influence alteration in enzyme function and, as such, ean impaet on the ehemieal 
make-up of eells. The skin aets as a temperature regulator through a range of complex and 
integrated aetivities. 

ehanges in the size of blood vessels in the skin ean help to regulate temperature. As body 
temperature rises, so the blood vessels dilate - this is known as vasodilatation; this is a 
multifaceted bodily defenee meehanism that is attempting to get hot blood from the 
deeper tissues beneath to the surface of the skin for eooling down: the surface of the skin is 
eooler, as heat radiates away from the body. As this is happening, the sweat glands seerete 
water onto the surface of the skin. Evaporation occurs and, as a result of this, so too does 
eooling. 

The opposite will occur when the person is in a eold environment.The blood vessels eonstriet - 
vasoeonstrietion - and blood stays eloserto the eore of the body, preserving heat. 

The hair (as previously deseribed) plays an important part in thermoregulation. Poekets of air 
are trapped in the hair when the arreetor pili are stimulated to eontraet making the hairs stand 
up. The trapped air causes insulation to occur, insulating the surrounding environment on the 
skin from the eooler atmosphere. 
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Medíeines management ~ 

Transdermal patehes 

Transdermal drug administration (skin pateh) provides eonsistent, continuous drug delivery 
through the skin into the bloodstream. When applying the medieation the nurse should follovvthe 
manufacturer's instructions and: 

V Follovv the'fìve rights'of drug administration. 

• Provide privaey, perform hand hygiene and explain the procedure. 

• Use gloves. If applieable, remove the old pateh and dispose of it per loeal poliey. 

® Seleet a nevv site for the pateh on a flat surface, such as the ehest baek, flank, or upper arm. 
Rotate sites throughout therapy. 

• Ensure the skin is intaet non-irritated and non-irradiated. 

® Avoid hairy areas if possible, or shave/cut excessive hair. 

• If the site needs to be eleaned prior to applieation, use only elear vvater; let the skin dry 
eompletely. 

® Remove the pateh from its pouch and peel half of its proteetive liner. 

® Plaee the adhesive side on the skin, and then peel off the other half of the liner. Press the skin 
pateh fìrmly vvith the palm of your hand for at least 30 seeonds, making sure it adheres to the 
skin, particularly at the edges. 

? Remove gloves, and perform hand hygiene. 

© Document the medieation administration aeeording to poliey. 


Proteetìon 

There are many vvays in vvhieh the skin proteets the body, and a number of these have already 
been discussed,forexample,theskin'sabilityto proteet by the production of melanin againstthe 
harmful effeets of ultraviolet light.Through its ability to intensify normal eell replaeement vvhen 
needed and the ability to shed dead skin and cause the migration of eells, the skin maintains the 
integrity ofthe body.Wound healing isan example of the skin's proteetive meehanism. 

By eliminating vvaste products through the pores on the skin (and there are over 2 million of 
these), the skin ean help to proteet the body from a build-up of poisonous substances. The skin 
also hastheability to prevent body fluidsfrom eseaping, preventing dehydration and helping to 
regulate the amount of fluid through the eontent and volume of svveat produced. As a vvater- 
proof barrier, the skin ean also ensure that harmful fluids in the environment are prevented from 
entering the body. 

eiinieal eonsiderations i 

Dehydration 

Many people in a number of eare environments are prone to dehydration. The older person is 
particularly at risk, and your role is to prevent and to identify dehydration and to take aetions to 
remedy any defìeits; you vvill be requlred to assess, plan, implement and evaluate eare. 

Undertaking a safe and effeetive assessment of needs requires you to use a variety of skills: you vvill 
be required to observe, measure and askquestions (Lapin, 2014).The skin ean tell you much about 

{Continued) 
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the people you eare for. You ean make a diagnosis of dehydration by observing the skin of those in 
your eare, although this is not and should not be used as the sole diagnostie tool.The elassie signs of 
dehydration in older people include loss of skin reeoil (also deseribed as loss of skin turgor), inereased 
thirst reduced urinary output taehyeardia and hypotension; the person may also be confused. 

The skin may laek its normal elastieity and revert to its usual position slovvly vvhen gently pinehed 
up into a fold if laekof skin turgor is present. Normally, the skin springs right baek into position in a 
hydrated person. Care must be taken not to harm the person vvhen trying to make an assessment 
and diagnosis. 


Sebum (an oily substance) seereted by the skin eontains baeterial ehemieals that have the 
ability to destroy surface baeteria. When svveat is produced, the aeidie pH has the potential to 
hamper the proliferation of baeteria. Phagoeytie maerophages present in the dermis have the 
ability to ingest and destroy viruses and baeteria that have penetrated the surface of the skin. 

Excretion and absorption 

Some elements of seeretion and absorption have already been mentioned in respeet to the 
skin's function in proteeting the person. The skin has the ability to excrete substances from the 
body; svveat is eomposed of vvater, sodium, earbon dioxide, ammonia and urea. Jenkins etai 
(2013) point out that the body (despite its almost vvaterproof nature) ean excrete approximately 
400 mL of vvater daily; those vvho lead a less aetive lifestyle vvill lose less, and a more aetive 
person vvill lose more. 

The skin also has the ability to absorb substances from the environment. Materials are 
absorbed from the external environment into the body eells, and some of these substances 
vvhen absorbed are toxic, for example, heavy metals such as lead and mercury. There are some 
therapeutic and non-therapeutic medieations that ean be absorbed through the skin. A number 
of fat-soluble vitamins - A, D, E and K- oxygen and earbon dioxide are also absorbed. 





dieines management 


Administratíon of medieines 

There are some medieations that you may be asked to administer via the skin. These include 
ointments, lotions, ereams and gels.The applieation of medieines via the skin through an adhesive 
pateh is also used in a number of eare areas. All of these medieines are subject to the same rules 
and regulations assoeiated vvith the administration of any medieine. Medieines applied to skin are 
often needed to treat skin eonditions, and they are knovvn as topieal medieations; they are 
administered externally onto the body as opposed to being ingested or injeeted. 

Lotions are used to proteet, soften and soothe and ean provide relief from itehing. Ointments are 
oil-based, and body heat causes them to melt after applieation; often, these medieations are used 
to fìght infeetion or relieve inflamed tissue. Gloves must be used vvhen applying these medieines; 
they must be applied in thin, even layers unless the preseription states othervvise (Nair, 2014). 

Most skin medieations are provided for use in tubes; one tube must only be used for one person 
in order to prevent eross-infeetion. There are some skin medieines that must be sterile for use; 
vvhen this is the ease, after applieation, the leftover medieation must be disearded. 

When you are applying the medieation you must take eare that you do not inerease diseomfort 
by using too much pressure or rubbing areas that are inflamed or causing the person pain. 
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Synthesís of vìtamín D 

The skin is aetively involved in the production and synthesis of vitamin D. For vitamin D to 
synthesise effeetively, aetivation of a precursor molecule in the skin by ultraviolet rays in the 
sunlight (ultraviolet radiation) is required. Enzymes present in the kidneys and liver alter the 
molecules, producing ealeitriol. Galeitriol (a hormone) assists in the absorption of calcium 
present in food in the intestines into the blood. 

Conclusìon 

The skin is an exceptional organ, and is also known as the integumentary system. There are a 
variety of diseases or injuries that ean easily be observed on the surface of the skin; for example, a 
skin rash, the presenee of jaundice or eyanosis. It is the largest organ in the body in weight and 
surface area.The skin has the ability to reveal how wefeel and what emotional state we may be in: 
humans blush, sweat and tremble. No other organ in the body is as easily looked over or palpated 
as the skin; the skin is also more easily exposed to injury, for example, infeetion and trauma. 

This organ is the interfaee between the external and internal environments.The skin contributes 
to the homeostasis of the body, and the physieal ehanges noted ean point to homeostatie 
imbalanee. The skin is also eomposed of the aeeessory structures, for example, the nails and a 
number of glands; these are sometimes ealled the appendages. 

The skin has the ability to allow a person to experience pleasure, pain and other stimuli from 
the external environment. 



Absorptìon Intake of fluids or other materials by eells of the skin. 

Apoeríne A type of gland found in the skin, apoerine glands in the skin and eyelids are sweat glands. 
Apoptosìs Death of eell as signalled by the nuclei in a normally functioning eell. 

Arreetor pìlì A mieroseopie muscle attaehed to hair follieles. 
eakìtonìn A hormone that partieipates in calcium metabolism. 

Cerumen Ear wax seereted by ceruminous glands. 

eollagen A protein that is the main eomponent of connectivetissue. 

Cutaneous Relating to the skin. 

eyanosìs A bluish discolouration of the skin and mucous membranes. 

Dermatìtìs Inflammation of the skin. 

Enzyme A substance that aeeelerates ehemieal reaetions. 

Erythema Redness. 

Excretìon The proeess of elimination of waste products from the body. 

Extrìnsìc Originates externally. 

Faseìa A fibrous membrane eovering, supporting and separating muscles. 

Hair A thread-like structure produced by the hair follieles emerging from the dermis. 

Homeostasís The ability to maintain a eonstant internal environment. 
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Hyperkeratosìs Excess keratins are produced, resulting in thiekening of the skin. 

Innervatìon Related to the supply of nerves. 

Integumentary The external eovering of the body, relating to the skin. 
intrínsíe Originates internally. 

Keratìn Atough, insoluble protein found in the hair and nails and other keratinised areas of the body. 
Keratìnìse To eonvert into keratin. 

Lanugo Fine, downy hair eovering the foetus. 

Lunula The moon-shaped white area at the base of nails. 

Melanín Pigmentfound in some partsofthe body, forexample, theskin and hair. 

Metabolísm A set of ehemieal reaetions in the body required to maintain life. 

Naìl A hard plate that is mainly eomposed of keratin. 

Organ A structure that is eomposed of two or more kinds of tissue with a speeifie function and a 
reeognised shape. 

Organísm A total living form. 

Pathogen A disease-producing mierobe. 

Phagoeytosìs The aet of destroying and ingesting mierobes by phagoeytes. 

Pheromones Ghemieals that trigger an innate behavioural response in another. 

Prognosís A predietion about how a patient's disease will progress. 

Prolìferatìon A rapid and repeated reproduction of new eells. 

Prurìtus itehing. 

Sebum An oily substance made of fat and the debris of fat-producing eells produced by the 
sebaceous glands. 

Stratum A layer. 

Taetìle Pertaining to touch. 

Thermoreeeptor A sensory reeeptor that has the ability to deteet ehanges in heat. 
Thermoregulatíon Ability to regulate temperature. 

Vasoeonstrìetíon Reduction in the diameter of blood vessels. 

Vasodìlatatìon inerease in diameter of blood vessels. 
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Further readìng 

Brìtísh Skìn Foundatìon 

http://www.britishskinfoundation.org.uk/Skinlnfornnation/AtoZofSkindisease/Eczenna.aspx 
This organisation has a nunnber of aims.They fund researeh tofurther understanding of the different 
types of skin disease, fundraise, eampaign for ehange, institutionally and behaviorally for the good 
of those who have skin disease.They raise awareness and work with the community to encourage 
people to share their experience with one another so they do not have to suffer in silenee. 


Psoríasís Assoeíatìon 

https://www.psoriasis-association.org.uk 

The Psoriasis Assoeiation works to help people whose lives are affeeted by psoriasis and psori- 
atiearthritis.They dothisthrough researeh, information and raising awareness. 


Ganeer Researeh UK 

http://www.ca neerresea reh u k.org 

Cancer Researeh UK provides information eoneerning eaneer, including statisties. They work in 
order to beat eaneer and develop strategy. 


Aetìvìtìes 

Multiple ehoíee questions 

1. How often (approximately) are the epidermal eells replaeed? Every: 

(a) 30days 

(b) 42 days 
(e) 15 days 
(d) 28days 


569 




ehapter 17 


The skin 


570 


2. The skin is thiekest on: 

(a) the lips 

(b) the earlobes 
(e) the hands 

(d) the nose 

3. What is the name of the pigment that makes skin different colours? 

(a) melaena 

(b) melatonin 

(e) melonite 

(d) melanin 

4. Hair follieles are made of: 

(a) sebum 

(b) sweat 

(e) keratin 

(d) muscle 

5. The outermost layer of the skin is ealled: 

(a) the dermis 

(b) the epidermis 

(e) the muscularis 

(d) the subcutaneous 

6 . The skin does all of these except: 

(a) absorb sugar 

(b) proteet the body 

(e) provide the sense of touch 

(d) help to thermoregulate 

7. The word used when the skin has no melanin is: 

(a) aged 

(b) exhausted 

(e) eezema 

(d) albino 

8 . In what aspeet of the skin are the eells that divide to form new eells? 

(a) the medulla 

(b) thefolliele 

(e) the basal layers of the epidermis 

(d) the sebaceous glands 

9. What will eventually happen to the eells of the epidermis? 

(a) they are reabsorbed 

(b) they beeome sears 

(e) they beeome infeeted 

(d) theydieoffandflake 

10. The structures in the dermis that produce oil are ealled: 

(a) the sebaceous glands 

(b) the Merkel eells 

(e) the Meissner corpuscle 
(d) lamellar granules 
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True or false 


1. Skin is the largest organ ofthe body. 

2. Total healing of body piereings takes betvveen 2 and 4 months. 

3. Nerve endings tell the body vvhen things are too hot. 

4. Blood vessels bring svveat to the skin. 

5. The skin's natural oil is ealled serum. 

6 . Goosebumps are caused by the pilomotor reflex. 

7. The thiekest part of the skin is to be found at the heels. 

8 . The hypodermis is also knovvn as the epidermis. 

9. Innervation relates to blood supply. 

10. The Merkel eells are the least numerous of the epidermal eells. 


Label the diagram 1 

Label the diagram using the follovving list of vvords: 

Superfìcial, Deep, Epidermis, Stratum corneum, Stratum lucidum, Stratum granulosum, Stratum 
spinosum, Stratum basale, Dermis 
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Label the diagram 2 

Label the diagram using the follovving list of vvords: 
Hair, Skin surface, Sebum, Folliele, Sebaceous gland 



Word seareh 

In the grid belovv there are 22 vvords that you vvill have seen in this ehapter. Can you find 
them all? 
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Subcutaneous, Melanin, Pilosebaceous, Gland, Basal, Hormone, Nerves, Cuticle, Lunula, iteh, 
Duct Layer, Epidermis, Skin, Hair, Dermis, Cell, Thin, Odour, Blood, Arreetorpili, Fat 
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Fill in the blanks 

The skin has_. The outer layer is ealled the_and the inner layer is the 

_. The dermal layer eontains hair_, sebaceous_, small blood 

vessels ealled_and a pigment ealled_that helps to proteet against 

_light. The skin has a number of functions, and one of those functions is related to 

heat eontrol; this is ealled_. The skin ean also proteet from_invading the 

body. The skin is the_organ of the body. When a person beeomes hot the blood 

vesselson the_oftheskin_._when released helpsa personto 

_down. 

The epidermis is situated on the_of the skin and is made from_of 

_with a basal layer. This layer drives through_. The newly divided eells 

gradually_; this ean take about_. As the eells gradually_they 

beeome_, and_, the outermost layer of_, is being_ 

eroded by_. The keratin and_from the sebaceous_assist in 

making the skin_. 

1-2 months, eapillaries, eell division, eells, eool, dermis, die, dilate, epidermis, follieles, glands, 
largest layers, melanin, mieroorganisms, move towards the surface, outside, surface, sweat 
thermoregulation, two layers, ultraviolet flattened, keratin, flat dead eells, continually, frietion, 
oil, glands, waterproof 

Fìnd out more 

1. Whatarethe namesofthetouch reeeptors? 

2. Where does nail growth originate? 

3. Deseribe the anatomieal and physiologieal ehanges that occur when a person experiences 
goosebumps. 

4. Name three potential eomplieations of body piereing. 

5. What procedures ean be used to remove tattoos? 

6. What is needed to aetivate vitamin D and why? 

7. What is the role and function of the arreetor pili? 

8. Deseribe what happens to the skin when vasodilatation occurs. 

9. Outline the proeesses involved as skin repairs itself after being damaged. 

10. How does the skin and renal system worktogether to maintain homeostasis? 

eondítions 

The following is a list of eonditions that are assoeiated with the skin. Take some time and write 
notes about eaeh of the eonditions. You may make the notes taken from textbooks or other 
resources (e.g. people you work with in a elinieal area), or you may make the notes as a result of 
people you have eared for. If you are making notes about people you have eared for you must 
ensure that you adhere to the rules of eonfìdentiality. 
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Allergy 


Skìn eaneer: 

» Malignant melanonna 
® Basal eell eareinoma (BCC) 

• Squamous eell eareinoma (SCC) 


Eezema 


Psorìasìs 


Burns: 

• Firstdegree 

• Seeond degree 

• Full thiekness 


Pressure sores 





Haematology 

Full blood count 

Haemoglobin (males) 13.0-18.0 g dL“^ 
Haemoglobin (females) 11.5-16.5 g dL“^ 
Haematoerit (males) 0.40-0.52 
Haematoerit (females) 0.36-0.47 
MeV 80-96 fL 
MCH 28-32 pg 
MCHC 32-35 g dL"' 

White eell count (4-11) x 10^ L“^ 

White eell differential 

Neutrophils 1.5-7 x 10^ L“^ 

Lymphoeytes 1.5-4 x 1 O^ L“^ 

Monoeytes 0-0.8 x 1 O^ L“^ 

Eosinophils 0.04-0.4 x 10^ L“^ 

Basophils 0-0.1 x 10^ L“^ 

Platelet count 150-400 x 10^ L“^ 

Reticulocyte count (25-85) x 10^ L“^ or 0.5-2.4% 

Erythroeyte sedimentation rate 

Westergren 
ilnder SOyears: 

Males 0-15 mm/1 st hour 
Females 0-20 mm/1 st hour 
Over SOyears: 

Males 0-20 mm/1 st hour 
Females 0-30 mm/1 st hour 

Plasma viseosity 1.50-1.72 mPa s^ (at 25 °C) 

Coagulation sereen 

Prothrombin time 11.5-15.5 s 
International normalised ratio <1.4 
Aetivated partial thromboplastin time 30-40 s 
Fibrinogen 1.8-5.4 g L“^ 

Bleeding time 3-8 min 
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Coagulatìon faetors 

Faetors II, V, VII, VIII, IX, X, XI, XII 50-150 IU dL-' 

Faetor V Leiden Present or not 
Von VVillebrand faetor 45-150 IU dL"^ 

Von VVillebrand faetor antigen 50-150 IU dL"^ 

Protein C 80-135 IU dL“^ 

Protein S 80-120 IU dL"^ 

Antithrombin III 80-120 IU dL"^ 

Aetivated protein C resistanee 2.12-4.0 
Fibrin degradation products <100 mg L"^ 

D-dimer sereen <0.5 mg L"^ 

Haematinies 

Serum iron 12-30 |imol L"^ 

Serum iron-binding eapaeity 45-75 |imol L"^ 

Serum ferritin 15-300 |ig L"^ 

Serum transferrin 2.0-4.0 g L"^ 

Serum 160-760 ng L"^ 

Serum folate 2.0-11.0 |ig L"^ 

Red eell folate 160-640 |ig L"^ 

Serum haptoglobin 0.13-1.63 g L"^ 

Haemoglobin eleetrophoresis 

Haemoglobin A >95% 

Haemoglobin A2 2-3% 

Haemoglobin F <2% 

ehemìstry 

Serum sodium 137-144 mmol L"^ 

Serum potassium 3.5-4.9 mmol L“^ 

Serum ehloride 95-107 mmol L“^ 

Serum biearbonate 20-28 mmol L“^ 

Anion gap 12-16 mmol L“^ 

Serum urea 2.5-7.5 mmol L“^ 

Serum ereatinine 60-110 |imol L“^ 

Serum eorreeted calcium 2.2-2.6 mmol L“^ 

Serum phosphate 0.8-1.4 mmol L“^ 

Serum total protein 61-76 g L“^ 

Serum albumin 37-49 g L“^ 

Serum total bilirubin 1-22 |imol L“^ 

Serum conjugated bilirubin 0-3.4 |imol L“^ 

Serum alanine aminotransferase 5-35 U L“^ 

Serum aspartate aminotransferase 1-31 U L“^ 

Serum alkaline phosphatase45-105 U L“^ (over 14years) 

Serum gamma glutamyl transferase 4-35 U L“^ (<50 U L“^ in males) 
Serum laetate dehydrogenase 10-250 U L“^ 

Serum ereatine kinase (males) 24-195 U L“^ 
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Serum ereatine kinase (females) 24-170 U 
Greatine kinase MB fraetion <5% 

Serum troponin I 0-0.4 |ig 
Serum troponinT 0-0.1 |ig L“^ 

Serum eopper 12-26 |imol L“^ 

Serum caeruloplasmin 200-350 mg L“^ 

Serum aluminium 0-10 |ig L“^ 

Serum magnesium 0.75-1.05 mmol L“^ 

Serum zine 6-25 |imol L“^ 

Serum urate (males) 0.23-0.46 mmol L“^ 

Serum urate (females) 0.19-0.36 mmol L“^ 

Plasma laetate 0.6-1.8 mmol L“^ 

Plasma ammonia 12-55 |imol L“^ 

Serum angiotensin-eonverting enzyme 25-82 U L“^ 

Fasting plasma glucose 3.0-6.0 mmol L“^ 

Haemoglobin A1 C 3.8-6.4% 

Fructosamine <285 |imo L“^ 

Serum amylase 60-180 U L“^ 

Plasma osmolality 278-305 mosmol kg“^ 

Urine 

Albumin/creatinine ratio (untimecl speeimen) <3.5 mg mmoh^ (males) 

<2.5 mg mmoh^ (females) 

Lìpìds and lipoproteins 

Target levels will vary depending on the patient's overall cardiovascular risk assessment 
Serum eholesterol <5.2 mmol L“^ 

Serum LDL eholesterol <3.36 mmol L“^ 

Serum HDL eholesterol >1.55 mmol L“^ 

Fasting serum triglyeeride 0.45-1.69 mmol L“^ 

Blood gases (breathing air at sea level) 

Blood H+ 35-45 nmol L“^ 
pH 7.36-7.44 
PaO^ 11.3-12.6 kPa 
PaeO^ 4.7-6.0 kPa 
Base excess ±2 mmol L“^ 

Carboxyhaemoglobin 

Non-smoker <2% 

Smoker 3-15% 

lmmunology/rheumatology 

Gomplement C3 65-190 mg dL“^ 
eomplement C4 15-50 mg dL“^ 

Total haemolytie (CH50) 150-250 U L“^ 

Serum C-reactive protein <10 mg L“^ 
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Serum immunoglobulin5 

IgG 6.0-13.0 g L-' 

IgA 0.8-3.0 g 1“' 

IgM 0.4-2.5 g 1“' 
lgE<120 kU L-' 

Serunn p^-nnieroglobylin <3 mg L-^ 

eerebrospinal fluid 

Opening pressure 50-180 mmH^O 
Total protein 0.15-0.45 g L-^ 

Albumin 0.066-0.442 g L-^ 
ehloride 116-122 mmol L-^ 

Glucose 3.3-4.4 mmol L-^ 

Laetate 1-2 mmol L-^ 

Cell count <5 mL-^ 

Differential 

Lymphoeytes 60-70% 

Monoeytes 30-50% 

Neutrophils None 
IgG/ALB <0.26 
IgG index <0.88 

Urine 

Glomerular filtration rate 70-140 mL min-^ 
Total protein <0.2g/24 h 
Albumin <30 mg/24 h 
Calcium 2.5-7.5 mmol/24 h 
Urobilinogen 1.7-5.9 |imol/24 h 
eoproporphyrin <300 nmol/24 h 
Uroporphyrin 6-24 nmol/24 h 
6-Aminolevulinate 8-53 |imol/24 h 
5-Hydroxyindoleacetic aeid 10-47 |imol/24h 
Osmolality 350-1000 mosmol kg-^ 

Faeees 

Nitrogen 70-140 mmol/24 h 
Urobilinogen 50-500 |imol/24 h 
Fat (on normal diet) <7 g/24 h 




ehapter 1 

Multíple ehoiee questíons 

1. (e); 2. (b); 3. (d); 4. (b); 5. (a); 6. (a); 7. (e); 8. (d); 9. (d); 10. (b) 

True or false 

1 . False - an ion is an atom with a positive or negative eleetrieal eharge 

2. True 

3. True 

4. True 

5. False - it is a ehemieal property 

6 . False - it is a compound of sodium and ehloride 

7. False - following a ehemieal reaetion, there are the same number of atoms/molecules, but 
in different eombinations 

8 . True 

9. False - lipids are organie substances 
10. True 

Fìll ín the blanks 1 

Homeostasis is the body's attempts to maintain a stable internal environment. To do this, it has 
to be able to ehange in response to both external (e.g. environmental temperature) and internal 
stimuli (e.g. blood pressure ehanges). Various meehanisms are utilised by the body to maintain 
homeostasis, including reeeptors to sense external and internal environmental ehanges. 
Reeeptors then send out messages to the homeostatie eontrol eentre, which determines the 
particular value - for example the eorreet temperature or blood pressure required for the essen- 
tial functioning of the body. This then sends a message to the body's effeetors, which, in turn, 
cause the body's internal environment to counteract the effeets of the various stimuli/changes. 
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Fill in the blanks 2 

An ion is an atom or molecule in vvhieh the total number of eleetrons is not equal to the total 
number of protons. Henee the atom or molecule has a net positive or negative eleetrieal eharge. 


Word seareh 2 
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Multíple ehoiee questíons 

1 . (b); 2. (d); 3. (b); 4. (d); 5. (a); 6. (e); 7. (b); 8. (a); 9. (a); 10. (a). 

True or false 

1. False 

2. False 

3. True 

4. True 

5. True 

6 . False 

7. True 

8 . False 

9. False 
10. False 

eìrele the word or term 

1 . Gentrioles 

2. Mitoehondria 

3. Lysosomes 

4. Smooth ER 

5. eilia 


Word seareh 
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Potassium 

K+ 

Sodium 

Na+ 

Biearbonate 

HC 03 

ehloride 

C|- 

Organie phosphate 

PO/- 

Sulfate 

so^- 

Calcium 

Ca2+ 


Fill in the blanks 1 

Plasma is the only majorfluid eompartment that exists as a real fluid eolleetion all in one loeation. 
It differs from interstitial fluid (ISF) in its much higher protein eontent and its high bulkflow 
(transport function). Blood eontains suspended red and white eells so plasma has been ealled 
the ISF of the blood.The fluid eompartment ealled the blood volume is interesting in that it is a 
eomposite eompartment eontaining ECF (plasma) and ICF (red eell fluid). 

Fíll ín the blanks 2 

Eleetrolytes are vital to one's health and survival. They are positively and negatively eharged 
partieles (ions) that are formed when mineral or other salts dissolve and separate (dissoeiate) in 
water. Sinee eleetrolytes earry a eharge, they ean conduct eleetrieal current in water, which itself in 
its pure form is a poor conductor of eleetrieity. This eharaeteristie of eleetrolytes is important 
because the current enables eleetrolytes to regulate how and where fluids are distributed through- 
out the body, which includes keeping water from floating freely aeross eell membranes. 

ehapter 3 

Multíple ehoiee questíons 

1 . (a); 2. (e); 3. (b); 4. (b); 5. (d); 6. (b); 7. (d); 8. (e); 9. (b); 10. (e). 

True or false 

1 . False - it is DNA that is earried within a ehromosome 

2. True 

3. True 

4. False - two ehromatids are joined by a eentromere, not the other way round 

5. True 

6 . False - the synthesis of amino aeids/protein is stopped by a termination eodon 

7. False - Huntington's disease is an example of autosomal dominant inheritanee 

8. False- generally, autosomal reeessive disorders are more seriousthan autosomal dominant 
disorders (although there are some exceptions) 

9. True 

10. False - statìstíeally there would be a 50% ehanee of having an affeeted ehild 



Ansvvers 


Fill in the blanks 

During protein synthesis all the genetie instructions for making proteins are found in DNA. 
The first stage of protein production involves the transeription of this information into RNA, 
vvhieh, in turn, is translated into a eorresponding sequence of amino aeids that join together to 
form protein molecules. 


Word seareh 
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Multlple eholee questlons 

1. (e); 2. (a); 3. (b); 4. (a); 5. (b); 6. (e); 7. (a); 8. (e); 9. (b); 10. (a). 

True or false 

1. True 

2. False 

3. False 

4. True 

5. True 

6 . True 

7. False 

8 . False 

9. True 
10. True 
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Crossword 


Aeross 

Down 

1. Simple cuboidal 

1. Skeletal 

3. Reticular 

2. Pseudostratified 

5. Osteoblasts 

4. Adipose 

8. Ground substance 

6. Stratified 

11. Elastie 

7. l\/lucous 

13. Hyaline 

9. Serous 

14. Dense 

10. Gartilage 

15. Gollagen 

12. Loose 


Word seareh 



Fill in the blanks 

l\/luscletissuecontains long nnusclefibres whose prinnaryfunction istogenerateforee. It isfouncl 
where there is a need for movement and maintenanee of posture. Skeletal muscle is found 
adjaeent to the skeleton and is said to be striated or stripy in appearanee and voluntary in aetion. 
Smooth muscle, on the other hand, is involuntary and non-striated. As its name suggests, eardiae 
muscle is only found in the heart and provides the driving foree of eontraetion. 













































































































Ansvvers 



ehapter 5 

Multíple ehoiee questíons 

1. (b); 2. (e); 3. (e); 4. (d); 5. (a); 6. (d); 7. (a); 8. (d); 9. (e); 10. (b). 

True or false 

1. True 

2. False 

3. True 

4. False 

5. False 

6. False 

7. False 

8. False 

9. True 

10. False 

Word seareh 
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Fill in the blanks 

The hunnerus is the largest and longest bone of the upper arm. The head of the humerus is 
rounded and joined to the rest of the bone by the anatomie neek. The upper aspeet of the 
bone has tvvo prominenees, the greater and lesser tubercles. The ulna is longer than the 
radius. The bones of the vvrists are ealled the earpals; they are arranged in tvvo rovvs of four 
eaeh.The palms of the hands are made up of the five metatarsal bones. Metatarsals are small 
long bones; they eaeh have a shaft and a head. The thumb has only a proximal and distal 
phalanx. 

Mateh the bones to the shape 

1. B, D,G 

2. F 

3. A, H, e, E 
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Multíple ehoke questíons 


1. (a); 2. (d); 3. (e); 4. (b); 5. (a); 6. (b); 7. (d); 8. (b); 9. (d); 10. (e). 


True or false 

1. False 

2. False 

3. False 

4. True 

5. True 

6. True 

7. False 

8. True 

9. False 
10. True 


Crossword 

Down 

2. Aerobie respiration 

7. Rhomboid 

4. Pyruvicacid 

5. Generate heat 

6. Insertion 

8. Abduction 

9. Myoglobin 

10. Deerease 


Aeross 

1 . Thiekand thin filaments 
3. Transverse tubules 



Multíple ehoiee questíons 

1. (a); 2. (a); 3. (e); 4. (d); 5. (b); 6. (a); 7. (a); 8. (b); 9. (b); 10. (e). 

True or false 

1. False 

2. False 

3. True 

4. True 

5. True 

6. False 
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7. False 
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9. True 
10. False 

Blood groups 


Blood type 

Antígens 

Agglutíníns 

Can donate to 

Can reeeíve from 

Type A 

Antigen A 

Anti-B 

A, AB 

A,0 

Type B 

Antigen B 

Anti-A 

B, AB 

B,0 

Type AB 

Antigen A 

None 

AB 

A, B, AB, 0 


Antigen B 




Type 0 

None 

Anti-A 

A, B, AB, 0 

0 



Anti-B 
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In adults, the most aetive bone marrovv is found in the pelvie, shoulder bones, vertebrae, ribs, 
breastbone and skull. Immature blood eells found vvithin the bone marrovv are ealled stem eells. 
Stem eells ean also befound in smaller amounts in the bloodstream.These are ealled peripheral 
blood stem eells. 

The proeess of blood eell development is ealled haematopoiesis. In the earliest stage of blood 
eell development stem eells begin to develop either along the lymphoid eell line or the myeloid 
eell line. In both eell lines the stem eells beeome blasts, vvhieh are still immature eells. During the 
last stage of eell development the blasts mature into three types of blood eells, ealled red blood 
eells, platelets and vvhite blood eells. 

Blood vessels 

Arteries earry blood avvay from the heart to other organs. They ean vary in size. The largest 
arteries have speeial elastiefibres in their vvalls.This helps to eomplement the vvorkof the heart 
by squeezing blood along vvhen heart muscle relaxes. Arteries also respond to signals from our 
nervous system, either eonstrieting or dilating. 

Arterioles are the smallest arteries in the body. They deliver blood to eapillaries. Arterioles are 
also eapable of eonstrieting or dilating and, by doing this, they eontrol hovv much blood enters 
the eapillaries. 

Gapillaries are tiny vessels that eonneet arterioles to venules. They have very thin vvalls that 
allovv nutrients from the blood to pass into the body tissues. Waste products from body 
tissues ean also pass into the eapillaries. For this reason, eapillaries are knovvn as exchange 
vessels. 


Lymphatie 

The lymphatie system is like the blood circulation - the vessels braneh through all parts of the 
body like the arteries and veins that earry blood. But the lymphatie system vessels are much 
thinner and earry a colourless liquid ealled lymph. Lymph eontains a high number of lympho- 
eytes. Plasma leaks out of the eapillaries to surround and bathe the body tissues.This then drains 
into the lymph vessels. 

ehapter 8 

Multíple ehoiee questíons 

1. (b); 2. (e); 3. (b); 4. (e); 5. (d); 6. (a); 7. (d); 8. (d); 9. (b); 10. (b). 

True or false 

1. True 

2. True 

3. True 

4. False 

5. False 

6. False 



Ansvvers 




7. True 

8 . True 

9. True 
10. False 


Word seareh 



Fill in the blanks 

Normal eleetrieal excitation/distribution begins in the sinoatrial node, vvhieh is loeated in the 
right atrium, and is rapidly transmitted aeross the atria by fast pathvvays.The impulse is transmit- 
ted to the atrioventricular (AV) node vvhere further transmission is delayed for approximately 
0.1 seconds.Thisensuresthattheatria haveeompletelyeontraeted beforeventricularcontraction 
is initiated. Onee the impulse has been 'held' in the AV node it is then transmitted dovvn the 
bundle of His (AV bundle) to the fast pathvvays of the tvvo bundle branehes. The bundles then 
divide into the smaller and smaller branehes of the Purkinje system vvhieh transmits the impulses 
to the muscles of the ventrieles. 
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Multíple ehoke questíons 


1. (d); 2. (b); 3. (b); 4. (e); 5. (d); 6. (a); 7. (d); 8. (a); 9. (d); 10. (a). 


True or false 

1. True 

2. False 

3. False 

4. True 

5. True 

6. False 

7. True 

8. False 

9. False 
10. False 

Crossword 

Aeross 

1. Aseorbie aeid 
5. ineisor 
9. Elimination 
10. Amylase 

14. Lipid 

15. l\/lucosa 

17. Vitamin 

18. Anus 

19. Pharynx 


Down 

1 . Aminoaeid 

2. ehyme 

3. Peristalsis 

4. Lysozyme 

6. Mastieation 

7. Parotid 

8. Jejunum 

11. Caecum 

12. Pepsin 

13. Bile 
16. Gastrin 


Fill in the blanks 

The digestive system is also knovvn as the alimentary eanal. The aetion of enzymes on ingested 
food is knovvn as ehemieal digestion. The churning of ingested food by the muscular aetivity of 
the digestive system is knovvn as meehanieal digestion.The digestive system is proteeted from 
invading pathogens by the presenee of lysozyme in salivary amylase and hydroehlorie aeid 
produced by the parietal eells of the stomaeh. 

Digestion of protein begins in the stomaeh. Amylase is the name of the enzyme involved in 
the breakdovvn of earbohydrates. Fat digestion relies on the presenee of bile and lipase. 
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Multíple ehoke questíons 


1. (e); 2. (e); 3. (a); 4. (d); 5. (a); 6. (b); 7. (d); 8. (a); 9. (e); 10. (a). 


True or false 

1. True 

2. True 

3. False 

4. True 

5. False 

6. True 

7. False 

8. False 

9. False 

10. False 

Crossword 

Aeross 

5. Aldosterone 

6. Filtration 

7. Llrethra 

11. Adrenal 

12. ADH 

13. Urea 

14. Nephron 


Down 

1 . Oliguria 

2. Renin 

3. Gystitis 

4. Gystoseopy 

8. Ureter 

9. Capsule 
10. Bladder 


591 




Word seareh 



Fill in the blanks 

The kidneys, ureters, urinary bladder and the ureters form the normal urinary system. The 
kidneys filter the blood in order to remove the vvastes and excess fluids from the body and form 
the urine.This travels to the urinary bladder via the ureters.The urinary bladder stores the urine 
until it is passed out of the body via the urethra. 

VVithin the kidneys are nearly a million small filtering units ealled glomeruli. Blood flovvs 
through tiny tubes and intrieate netvvorks of blood vessels vvithin the kidneys to the glomeruli 
in order to undergo the filtration proeess. 

The function of the kidneys is, among other things, to get rid of the vvaste products that result 
from the body's metabolism. One of the major by-products of the metabolism of protein 
(muscle) is urea.The kidneys remove the vvaste products by extracting them from the blood and 
sending them along the ureter to the bladder, from vvhere they are excreted in the urine. If the 
kidney function fails, the vvaste products accumulate in the blood and the body. The term for 
this build-up is azotaemia. 
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ehapter 11 

Multíple ehoiee questíons 

1. (e); 2. (b); 3. (a); 4. (e); 5. (a); 6. (d); 7. (d); 8. (a); 9. (d); 10. (e). 

True or false 

1. True 

2. False 

3. True 

4. True 

5. True 

6. False 

7. False 

8. True 

9. False 
10. False 

Crossword 

Aeross Down 


1. External respiration 

1. 

Expiration 

5. Alveoli 

2. 

Traehea 

7. Tidal volunne 

3. 

Surfactant 

9. Hypoxia 

4. 

Oxygen 

10. Garbon dioxide 

6. 

Vital eapaeity 

13. Larynx 

8. 

Lobes 

14. Haemoglobin 

9. 

Hypoxaemia 

15. Fiek's 

11. 

Dyspnoea 

16. Taehypnoea 

12. 

Pleura 
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Fill in the blanks 

Lungs are divided into distinet regions ealled lobes. The heart sits in a spaee ealled the eardiae 
noteh, vvhieh sits betvveen both lungs. Eaeh lung is proteeted by tvvo mennbranes, ealled the 
viseeral and parietal pleura. The lovver respiratory traet starts at the traehea. At a point ealled 
the earina the airvvays subdivide into right and left primary bronehi, vvhieh divide again into 
seeondary bronehi.The next braneh of the bronehial tree is the tertiary bronehi, vvhieh all lead to 
a netvvork of bronehioles. Eventually airvvays terminate at a terminal bronehiole. From this point 
forvvard this region of the airvvays is referred to as a lobule. VVithin this region the airvvays 
subdivide further into respiratory bronehioles, alveolar ducts and alveoli. 

ehapter 12 

Multlple eholee questlons 

1. (b); 2. (a); 3. (a); 4. (d); 5. (b); 6. (e); 7. (d); 8. (a); 9. (d); 10. (b). 

True or false 

1. False 

2. False 

3. False 

4. False 
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5. True 

6. False 

7. True 

8 . False 

9. False 
10. False 

Word seareh 



Fill in the blanks 1 

l\/lenstruation, or period, is normal vaginal bleeding that occurs as part of a vvoman's monthly eyele. 
Every month, the vvoman's body prepares for pregnaney. If no pregnaney occurs, the uterus (also 

knovvn as the vvomb), sheds its lining. The menstrual blood is partly_and partly 

_from inside the uterus. It passes outside of the body through the vagina. 


Fill in the blanks 2 

l\/lenopause is a phase of life in vvomen that signifies the end of their reproductive period. 
It signifies the end of menstruation. This means that the ovaries of the vvomen stop producing 
an egg every four vveeks and there is no monthly period. Beyond menopause a vvoman vvill no 
longer be able to have ehildren. 
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Multíple ehoke questíons 


1. (e); 2. (a); 3. (e); 4. (a); 5. (e); 6. (e); 7. (e); 8. (a); 9. (b); 10. (b, e). 


True or false 

1. True 

2. False 

3. True 

4. False 

5. False 

6. True 

7. True 

8. False 

9. False 
10. True 

Crossword 

Aeross Down 


2. Neurone 

1. 

Somatie nervous system 

4. Vagus 

3. 

Efferent 

6. Optie 

5. 

Aeetyleholine 

7. Araehnoid mater 

8. 

Hypothalamus 

9. Dura mater 

11. 

Potassium 

10. Astroeyte 

12. 

Afferent 

11. Pituitary gland 

14. 

Pia mater 

13. Olfaetory 

15. 

Mieroglia 

17. lnvoluntary 

16. 

Sodium 

18. l\/ledulla 



19. Brain 




ehapter 14 

Multíple ehoiee questíons 

1. (a); 2. (e); 3. (a); 4. (d); 5. (b); 6. (d); 7. (e); 8. (b); 9. (b); 10. (d). 

True or false 

1. False 

2. True 

3. True 






Ansvvers 



4. False 

5. False 

6. True 

7. True 

8 . False 

9. True 
10. True 

Word seareh 
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Crossword 

Aeross Down 

1 . Sennicircular eanals 1 . Statoeonia 

5. Ossieles 2. Grista 

6. Stapes 


3. Neural tunic 
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7. Lens 

4. Selera 

9. Conjunctiva 

7. Ligaments 

11. Ampulla 

8. Vallate papillae 

12. Goehlea 

9. Gornea 

13. Iris 

10. Tympanie membrane 

14. Perilymph 


15. Vitreous humour 


16. Gentral adaptation 



Fill in the blanks 

Sound waves entering the external auditory eanal travel along until they reaeh the tympanie 
membrane (ear drum), a thin translucent eonneetive tissue membrane eovered by skin on its 
external surface and internally by mucosa, and shaped like a flattened eone protruding into the 
middle ear. Sound waves that reaeh the tympanie membrane make it vibrate and this vibration 
is transmitted to the bones of the middle ear. 

Look at the diagrams 

1. (e); 2. (b); 3. (a); 4. (d) 

ehapter 15 

Multiple ehoiee questions 

1. (a); 2. (b); 3. (d); 4. (d); 5. (b); 6. (e); 7. (b); 8. (b); 9. (b); 10. (b). 

True or false 

1. False 

2. True 

3. True 

4. False 

5. True 

6. True 

7. True 

8. False 

9. True 
10. False 




Word seareh 
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Fill in the blanks 

The influence of a stinnulus, from inside or outside the body, leads to the release of a hormone 
that has an effeet on the stimulus; follovving this, some aspeet of the target organ function 
then inhibits further reaetion to the stimulus and thus further release of the hormone by the 
organ. 












































































































Ansvvers 




Multíple ehoke questíons 


1. (a); 2. (b); 3. (d); 4. (d); 5. (a); 6. (e); 7. (d); 8. (e); 9. (e); 10. (b). 


True or false 

1. False - phagoeytes are vvhite blood eells 

2. True 

3. True 

4. False - they are deseended from multipotent stem eells 

5. False - it is monoeytes and tissue maerophages that are included vvithin the family of 
maerophages 

6. False - it is some of the B-eells that develop into plasma eells 

7. True 

8. True 

9. True 

10. False - sneezing is a meehanieal barrier 

Fíll ín the blanks 

Granulocytes are divided into three types; namely, neutrophils, eosinophils and basophils.These 
eells are ealled granulocytes because, under a high-povvered mieroseope, they appear to be full 
of little granules. These, hovvever, are actually vacuoles (or empty spaees) vvithin the eells, and 
they are very importantly involved in the proeess of phagoeytosis, vvhieh is the destruction of 
infectious organisms, such as baeteria and viruses. They vvork by first of all engulfing them and 
then they ingest them, so destroying the organisms and, at the same time, also providing the 
eell vvith nutrition. 


Word seareh 
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ehapter17 

Multíple ehoiee questíons 

1. (d); 2. (e); 3. (d); 4. (e); 5. (b); 6. (a); 7. (d); 8. (e); 9. (d); 10. (a). 

True or false 

1. True 

2. False 

3. True 

4. False 

5. False 

6. True 

7. True 

8. False 

9. False 
10. True 
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Word seareh 



Fill in the blanks 

The skin has tvvo layers. The outer layer is ealled the epidermis and the inner layer is the dermis. 
The dermal layer eontains hair follieles, sebaceous glands, small blood vessels ealled eapillaries 
and a pigment ealled melanin that helps to proteet against ultraviolet light. The skin has a 
number of functions, and one of those functions is related to heat eontrol; this is ealled 
thermoregulation.The skin ean also proteet from mieroorganisms invading the body.The skin is 
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the largest organ of the body. When a person beeomes hot the blood vessels on the surface of 
the skin dilate. Sweat when released helps a person to eool down. 

The epidermis is situated on the outside of the skin and is made from layers of eells with a 
basal layer.This layer drives through eell division.The newly divided eellsgradually movetowards 
the surface; this ean take about 1-2 months. As the eells gradually die they beeome flattened, 
and keratin, the outermost layer of flat dead eells, is being continually eroded by frietion.The 
keratin and oil from the sebaceous glands assist in making the skin waterproof. 



Page numbers in italies denote figures, those in bold denote tables. 


abdominal muscles 167 , /72 
abdominopelvie eavity 109 
abducens nerve 422 
abduction 177 
ABO blood group system 
202-203, 203, 203 
absorption 3 
dermal 566 

ABVD (adriamyein, bleomyein, 
vinblastine, daearbazine) 
regimen 213 
aeeessory muscles of 
respiration 344 
aeetyleholine 161,411,426 
aeetyleholinesterase 161 
aeid-base balanee 189, 

355-357, 357 
aeids 15-17, 76, /7 
aeini glands 275 
acnevulgaris 553 
acquired immunity 531-535 
eell-mediated immunity 
531-533,532 ,534 
humoral immunity 533-535, 
534,535 

memoryeells 533 
aetin 159, /62 
aetion potential 409,4/0 
eardiae 227,227 
aetivated partial thromboplastin 
time 575 

aetive immunity 543 
aetive transport 43-45,43 
endoeytosis 44-45,44 
exocytosis 45,45 
adalimumab 531 
adduction 177 
adenine 64 
adenoids 336,336 
adenosine diphosphate (ADP) 43 
adenosine triphosphate (ATP) 43, 
156,163, /64 


adipoeytes 103 
adipose tissue 105, 106 
adrenal cortex 497,497 
adrenal glands 495-500,495,496 
adrenal medulla 496-497 
adrenaline (epinephrine) 245, 
496-497 

adrenoeortieotrophie hormone 
(ACTH) 489-490,499 
aerobie respiration 163-164 
afterload 244 
age effeets on skeletal 
muscle 177 
ageusia 448 

alanine aminotransferase 576 
albumin 189 
eSF 578 
plasma 576 
urine 578 

albumin/creatinine ratio 577 
aldosterone 51,316,497-498,498 
alkaline phosphatase 576 
alkalis see bases 
alleles 66 
aluminium 577 
alveolar minute ventilation 
346, 347 
amino aeids 63 
Y-aminolevulinic aeid 578 
ammonia 189 
normal value 577 
urine 318 
amniotie fluid 38 
amount, units of 19,20 
ampulla 

ofinnerear 453 
ofVater 275 
amylase 577 
anabolie steroids 165 
anaemia 

folie aeid defieieney 193 
iron defieieney 192 


anaemie hypoxia 355 
anaerobie respiration 163 
anaphase 
meiosis 79 
mitosis 76 

anatomieal dead spaee 346 
anatomy xxvi-xxviii 
androgens 377-378,378, 
385-386 
angina 232 
angiotensin 309,316 
angiotensin-eonverting 
enzyme 577 
anion gap 576 
anions 7 

anosmia 444-445 
anterior median fissure 420 
antibodies see immunoglobulins 
antieholinesterases 163 
anticoagulants 201-202 
antieodons 70 
antidiuretic hormone 

(ADH) 50-51,308,316,487 
antigens 520 
antimuscarinics 317 
anus 259,278,279 
aorta 225, 230, 230,320,342 
aortievalve 229,240,241 
apieal surface 96 
apneustic eentre 347 
apoerine glands 561-562,56/ 
apoptosis 526 
appendieitis 279 
appendicular skeleton 123, 124 
aqueous humour 464 
araehnoid mater 413,420 
areolar tissue 105, 106 
arm, muscles of 167 , /70-/72 
arreetor pili 559,560,564 
arterial blood gases 355 
arterial oxygen eontent 
(GaO^) 353 
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arteries 204-206, 205,206, 206 
aorta 225, 230, 230,320,342 
eoronary 230, 231 
superior mesenterie artery 272 
arthritis, calcium pyrophosphate 
49-50, 49,50 
Arthrotee 133-134 
articulation see joints 
arytenoid eartilage 338 ,338 
aspartate aminotransferase 576 
assimilation 3 
astroeytes 411 
atomicnumber 5 
atoms 4-5,5 
earbon 5-6,6 
atorvastatin 244 
atria 228 

atrial natriuretic peptide 52,316 
atrioventricular bundle 
235,236 

atrioventricular node 237 
atrophie vaginitis 387 
autocrine 481,483 
autoimmune diseases 528-529 
automaticity 235 
autonomic nervous system 406, 
426-429,427, 428, 429 
heart rate 245 

parasympathetie division 426, 

428. 429 

sympathetie division 426, 

427. 429 

autoregulation 415 
autosomal dominant 
inheritanee 81 

morbidity and mortality 84-85 
autosomal reeessive 
inheritanee 81-83 
morbidity and mortality 84-85 
autosomes 65, 79 
axial skeleton 123, 123 
axons 112,408 

B-lymphoeytes 575,516,521, 
533-535,534,535 
balaneed diet 282-283 
ball and soeket joints 142 
bariatrie surgery 282 
baroreeeptors 208,245,246 
basal surface 96,101 
baseexcess 577 
bases (DNA) 64-65 
bases(pH) 15-17,76,77 
basophils 197,797,575,524 
normal values 575 
benzodiazepines 419 
biearbonate 48,355-356 


normal value 576 
urine 318 

bicuspid valve 228,240 ,240 
bile 276-278,277 
bilirubin 189 
normal values 576 
biopsy, skin 555 
bivalent ehromosomes 78 
bladder, urinary 320-322,327 
blasteells 103,104 
bleeding time 575 
blind spot 464 
blood 107 
elotting 189 
coagulation 199-202 
eomponentsof 186-187, 787 
functionsof 188-189 
haemostasis 199 
pH 17 

plasma 36, 787, 188, 189 
properties 188 
blood eells 787,190 
development 514-516,575 
immunesystem 524-531,525, 
526,528 

seealso red blood eells; white 
blood eells 
blood gases 577 
blood groups 202-203, 203, 203 
blood pressure 207-208 
blood transfusion 190 
blood vessels 203-207, 204-207 
blood-brain barrier 411 
bodily requirements 4 
body fluids 

eompartments 34-36,35 
eomposition 38 
hormones regulating 50-52 
loss of 36 

movement between 
eompartments 37-38,37 
variation in eontent 39 
water defieieney 38 
bone 107,123-128 
blood supply 135 
cancellous (spongy) 136,139 
flat bones 139,739 
formation and growth 
128 - 132 , 128 , 729, 737 
fractures 127,132-134, 733 
functions 123,126-127 
irregular bones 139,740 
length and thiekness 130 
long bones 136,737 
remodelling 130 
sesamoid bones 139, 747 
short bones 136, 738,139 


structure, faetors affeeting 135 
seealso skeletal system 
bone marrow 130,516 
red 127-128 
transplant 86 
yellow 127 
bonesean 124 
botulism 161 
Bouchard's nodes 126 
Bowman's capsule 307,307 
Boyle's law 342 
brain 415-419,476,477 
brainstem 418 
breast milk 524 
breasts 383,393 
breathing 
eontrol of 347,348 
meehaniesof 343-344,343, 
344, 344 
workof 345,345 
Broea'sarea 417 
bronehial tree 338-340,339 
brush border 274 
bundleofHis 235,236 
burns, fluid and eleetrolyte 
loss 36 

C-reactive protein 577 
caecum 278,279 
caeruloplasmin 577 
ealeitonin 493 
ealeitriol 494, 567 
calcium 47,287 
serum 576 
urine 318,578 

calcium ehannel bloekers 232 
calcium pyrophosphate 
arthritis 49-50,49,50 
cancellous bone 136,139 
eanineteeth 260,261,267 
eapillaries 207,207 
lymphatie 210,270,27 7 
eapillary nail bed refill 563 
earbamazepine 429 
earbohydrates 18,283 
earbon atom 5-6,6 
earbon dioxide transport 195,355 
earbonie anhydrase 195,356 
carboxyhaemoglobin 577 
eardiae aetion potential 227,227 
eardiae eatheterisation 
231-232,237 

eardiaeeyele 239-242,240 
eardiae glyeosides 237 
eardiae muscle 112,154,155, 

226,227, 235 
eardiae noteh 338 
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eardiae output 243 
eardiae system 223-255 
bodymap 224 
see also ìndìvìdaal parts 
eardioinhibitory eentre 245 
cardiovascular eentre 245 
eartilage 106-107, 108 
cartilaginous joints 141 
eatabolism 283 
eations 7 
CD4 proteins 532 
eells 30,30 

blood see blood eells 
eompartments 31-32 
structure 31 
eell eyele 74,75 
eell membrane 30,32-33,33 
functions 33-34,34,35 
eell-mediated immunity 531-533, 
532,534 
cementum 262 
eentral nervous system 405 
brain 415-419,4/6,4/7 
spinal eord 420-425, 

422-425 
eentrioles 31 
eentromere 63,65,75 
eentrosomes 75 
cerebellum 418 
eerebrospinal fluid (CSF) 

413-414,4/4 

lumbar puncture 414 
normal values 578 
cerebrum 415-417,4/8 
cervix 392 

eharaeteristies of life 2-3 
eheeks 260 
ehemieal bonds 5,6-7 
eovalent bonds 8-9, 9 
ionie bonds 7,8 
polarbonds 10,/0 
ehemieal digestion 273,281 
ehemieal equations/ 
reaetions 13-15, 13 
ehemieal senses 
smell (olfaetion) 440-445, 

442,443 

taste 445-448,446,447 
ehemoreeeptors 208 
ehemotherapy 213 
ehiefeells 269 
ehloride 48,287 
eSF 578 
serum 576 
urine 318 

eholeeystokinin (CKK) 271,272, 
276, 281 


eholesterol 244 
normal values 577 
ehondroblasts 104 
ehondroeytes 104 
ehondroitin sulphate 106 
ehorda tympani 447 
ehoroid 462 
ehoroid plexus 413 
ehromatids 63,65,75,76 
ehromatin 31,65 
ehromosomes 62, 63,65-67, 66, 
67, 75, 76 
meiosis 78 
mitosis 75, 76 

ehronie obstructive pulmonary 
disease 341,351,356 
ehyme 267 

ehymotrypsinogen 275 
eilia 31,523 
eiliary body 462 
eireleofVVillis 4/5 
circulatory system 3,185-222 
blood see blood 
blood pressure 207-208 
blood vessels 203-207, 
204-207 
body map /87 
lymphatie system 208-214, 
209-212 

circumduction 177 
elitoris 392 

eiostridiam botulinum 161 
elotting disorders 200-201 
haemophilia 202 
elotting faetors 200 
normal values 576 
coagulation 199-202,527 
eoehlea 451,456,456 
eodons 70,72 
eolehieine 50 
eollagen fibres 105 
eolleeting ducts 308,314 
eolloid osmotie pressure 37 
columnar epithelium 99-100, 
99, / 00 

pseudostratified 100, 100 
eompartment syndrome 160 
eomplement system 527 
normal values 577 
compounds 12-13 
concussion 418 
eondyloid joints 143 
eone eells 462-464,463 
eonneetive tissue 102-107, 

/ 04, 105 
bonesee bone 
eartilage 106-107, 108 


dense 106,106 
fibres 104-105 
ground substance 104 
liquid 107 
loose 105-106,106 
eonstipation 280 
eontraeeption 384 

intrauterine eontraeeptive 
deviee 389,389 
eontrol eentre 18 
eopper 577 
eoproporphyrin 578 
corniculate eartilage 338,338 
eoronary arteries 230, 231 
eoronary sinus 228 
corpus albieans 385 
corpus luteum 384-385 
eortieosteroids see steroids 
eortieosterone 499 
eortisol 499,499 
eortisone 499 
coughing 523 
eovalent bonds 8-9,9 
eranial nerves 420,42 /,422 
eraniosaeral division 426 
ereams 566 

ereatine kinase 576,577 
ereatine phosphate 163 
ereatinine 189 
normal value 576 
urine 318 

eremasterie reflex 380 
Creon 276 

erieoid eartilage 336,337,338,491 
erieothyroid ligament 337,338 
crown (of tooth) 261-262 
eryptorehidism 375 
erypts of LieberkOhn 274 
erystal shedding 50 
eSF see eerebrospinal fluid 
cuboidal epithelium 99,99 
cuneiform eartilage 338,338 
current (eleetrieal), units of 19, 20 
Cushing's disease 490 
cutaneous membranes 107 
eyelosporine 304 
eystie fibrosis 82 
eystitis 311,322 
eytokines 527 
eytoplasm 30, 31 
eytosine 64 
eytoskeleton 31 
cytotoxicT-cells 526,532 
cytotoxicity 526,532 

Dalton's law 342 
defaeeation reflex 280 
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dehydration 38, 39-40,565-566 
demand hypoxia 355 
demyelination 408 
dendrites 112,407 
dense eonneetive tissue 106,106 
dentine 262 

deoxyribonucleic aeid see DNA 
deoxyribose-phosphate 64 
dermal administration 566 
dermis 558-559,559 
desmopressin 202 
desmosomes 226 
diabetes insipidus 51 
diabetes mellitus 501 

insulin therapy 501-502,503 
diabetiefoot ulcers 113 
dialysis 312,372 

diaphragm 167,337,343,344,345 
diaphysis 130,737,136 
diarrhoea 280 
diastole 240-241,240 
dielofenae 50,133-134 
dierotie noteh 241 
dieneephalon 417 
diffusion 
faeilitated 41,47 
respiratory gases 349-350 
simple 40,47 

digestive system 3,257-297,259 
aetivityof 258 
body map 258 
gall bladder 278 
hormones 281, 281 
large intestine 278-280,279 
liver 276-278,277 
mouth (oral eavity) 259-263,260 
oesophagus 264-265,265 
organisation 259 
panereas 274-276,275 
pharynx 263-265 
small intestine 272-274,272,273 
stomaeh 267-274,267 
structure 266-267,266 
digoxin 237 
diltiazem 232 
diploid eells 76 
disease-modifying 

anti-rheumatoid drugs 
(DMARDS) 529 
dissoeiation 16 

distal convoluted tubule 308,314 
diuretics 39 
DNA 62,63 
bases 64-65 

double helix 63-64,64,66 
nucleotides 63-65 
separation 68 


dominant genes 66-67 
dopamine 411,496-497 
dorsiflexion 177 
doublehelix 63-64,64,66 
Down syndrome 63 
duct ofWirsung 275 
duloxetine 317 
duodenum 272 
dura mater 413,420 
dysgeusia 448 

ear 449-452,449,452 
inner 451,452 
middle 450-451 
outer 449-450,449 
eeerineglands 561,56/ 
eetopie pregnaney 391 
effeetors 18 
ejaculatory duct 382 
elastie eartilage 107 
elastiefibres 105 
eleetroeardiogram (ECG) 

238-239,239 

and eardiae eyele 241 -242,242 
eleetroeneephalogram (EEG) 411 
eleetrolyte balanee 48 
eleetrolytes 10,46-50,46 
blood 189 

functions 47-48,47-48 
hormones regulating 50-52 
loss of 36 
eleetrons 4-5,5 
elements 11-12,11,12 
embryonie bone formation 128 
enamel 262 

end diastolie pressure 241 
end diastolie volume (EDV) 241 
endocardium 227 
endoehondral ossifieation 130,73/ 
endoerine organs 481,482 
endoerine system 479-512 
adrenal glands 495-500,495,496 
body map 480 
hormones see hormones 
hypothalamus and pituitary 
gland 486-490,486,488 
panereas 500-504 
parathyroid glands 49/, 
494-495 

thyroid gland 490-494,49/, 492 
vs. nervous system 480 
endoeytosis 44-45,44 
endometrium 391 
endomysium 157 
endoplasmie reticulum 31 
endothelial eells 518 
energy 20,21 


enteroendoerine eells 269,272,273 
enzymes 23 

see also ìndìvìdaal enzymes 
eosinophils 197,797,515, 
5/5,524 

normal values 575 
ependymal eells 412 
epicardium 225 
epidermis 553-558,554 
keratinoeytes 553-554,554 
Langerhans eells 554,555 
layers of 555-558,556, 556 
melanoeytes 554,554 
Merkel eells 554, 555 
epididymis 382 
epiglottis 263,446 
epimysium 157 
epinephrine see adrenaline 
epiphysis 130,136 
epithalamus 417 
epithelial tissue 96-102,97 
glandular 102, 103 
simple epithelium 97-100, 

98 -/00 

stratified 100-102, 101, 102 
epitopes 538,538 
equator of eell 75 
equilibrium 452-455,453-455 
ereetile dysfunction 381 
erythroeyte sedimentation rate 
(ESR) 575 

erythroeytes see red blood eells 
erythropoiesis 190, 191, 

192-194, /94 
erythropoietin 194,310 
ethmoid bone 442,442,443 
Eustachian tube 450-451 
excretion 3 

skin function 566 
exocrine glands /03,481 
exocytosis 45,45 
expiration 345 
expiratory reserve volume 
(ERV) 346 
extension 177 

external respiration 348-352,357 
extracellular fluid 35,36 
eye 459-469,459 
ehambers of 464 
iris 462 

proeessing of visual 
information 468-469 
retina 462-464,463 
wallof 460-464,46/ 
eyedrops 464 
eyelashes 459,459 
eyelids 459,459 
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faeial nerve 422 
faeilitated diffusion 41,4/ 
faeees 280 

normal values 578 
fallopian tubes 390 
fats see lipids 

female reproductive system 
382-394 ,383 
ferritin, normal value 576 
fibrinogen 189 
normal value 575 
fibroblasts 104 
fibroeartilage 107 
fibroeytes 104 
fibrosis 113 

fibrous pericardium 225,226 
Fiek's law 342 , 349,350 
fight or flight 426,427 
filiform papillae 445,446,447 
filtration 43 
fimbriae 390,390 
flat bones 139,739 
flexion 177 
Flixonase 441-442 
fluidssee body fluids 
foeal length 466,466 
foliate papillae 445,446 
folie aeid 

defieieney 193 
normal value 576 
red eell 576 

follicle-stimulating hormone 
(FSH) 489 
food 4 

see also nutrition 
food pyramid 282 
foree 20 

foree of eontraetion 244 
fovea 467,462 
fractures 132-134, 733 
pathologieal 127 
Frank-Starling law 243 
frenulum 260,260 
frequency 20 
fructosamine 577 
fundus (of stomaeh) 267 
fungiform papillae 445, 

446,447 

furosemide ototoxicity 458 

gall bladder 278 

gametes 76 

gametogenesis 80 

gamma glutamyl transferase 576 

gapjunctions 226 

gas exchange 348-349,349 

gas laws 342 


gastransport 352-355,353, 
354, 355 

gastrie glands 268 
gastrin 269,281 
gels 566 
genes 66-67, 72 
dominant 66,81 
reeessive 66,81 
gene erossover 78, 78 
gene replaeement therapy 82 
gene transferenee 74-79 
genetie counselling 93-94 
genetie disorders 73 
geneties 61-94 
meiosis 76-78, 78 
Mendelian 79-81,80 
mitosis 74-76, 75 
spontaneous mutation 86 
genital piereing 392 
genotype 67 

gentamiein, ototoxicity 458 
gingiva 262 

glandular epithelia 102,703 
glans penis 392 
gliding joints 143 
globulin 189 
glomerular filtration rate 
(GFR) 578 

glossopharyngeal nerve 422 
glucagon 274,503-504,503 
glucocorticoids 498-500,499 
gluconeogenesis 283,503 
glucose 283 
eSF 578 

glyeated haemoglobin 577 
glyeogen granules 31 
glyeolysis 159,163, 

764,283 

glyeoproteins 34,96,199 
gobleteells 272,273 
Golgi complex 31 
gout 126 

Graafian follieles 384 
granulation 113 
granulocytes 524 
grapefruit, drug interaetions 
with 232, 244 
ground substance 104 
growth 2 

growth hormone 488 
guanine 64 

gustatory pathway 447-448 

haematoerit 575 
haematopoiesis 127 
haemodialysis 312 
haemoglobin 191-192, 793 


eleetrophoresis 576 
glyeated 577 
normal values 575 
haemophilia 202 
haemopoiesis 144 
haemostasis 199 
hair 559-560,560 
hair eells (of ear) 454 
hand, muscles of 167 , 770 
handwashing 542 
haploid eells 76 
haptoglobin 576 
hard palate 260 
haustra 279,280 
Haversian eanals 135,736 
head, muscles of 166 , 769 
hearing 455-459,456,457, 
458-459 
see also ear 
hearing aids 450 
heart 224 

blood flow through 233-234, 
234,235 

blood supply 230-233,230, 
237,231 

ehambers 227-229,228 
eleetrieal 

pathways 234-239,236 
size and loeation 
224-225,225 
wall 225-227,226,227 
heart rate 244-246,246 
heat 4 

generation by muscle 
aetion 156 

Heberden's nodes 126 
Henry's law 342 
hepatie portal vein 272 
hepatoeytes 276,277,316 
hepatopanereatie ampulla 275, 
275, 278 

hepatopanereatie sphineter 278 
heredity 63 

heterologous ehromosome 
pairs 65 

heterozygosity 66 
hingejoints 142 
hip, muscles of 168 , 773-774 
histamine 527 
histones 65 
histotoxic hypoxia 355 
Hodgkin lymphoma 213 
Hodgkin's disease 214 
homeostasis 17-18,480,480 
homologous ehromosome 
pairs 65 

homozygosity 66 
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hormone replaeement therapy 
(HRT) 387 

hormones 482-486, 482,483 
body fluid regulation 50-52 
destruction/removal 486 
digestive system 281,281 
effeets 485 
release 485,485 
transportation 484 
see also ìndìvìdaal hormones 
humoral immunity 533-535, 
534,535 

hyaline eartilage 107,130 
hyaluronan injeetions 134 
hydroehlorie aeid 269 
hydroeortisone 341 
hydrogen 12 
hydrogen bonds 10, 10 
hydrogen breath test 269 
hydrophilie (water loving) 32,33 
hydrophobie (water hating) 

32 ,33 

hydrostatie pressure 37,37 
5-hydroxyindoleacetic aeid 578 
hyoid bone 260 
hypereapnia 355 
hyperopia 466,467 
hyperparathyroidism 495 
hyperthyroidism 493 
hypertonie solutions 42 
hyperuricaemia 126 
hypogammaglobulinaemia 540 
hypogeusia 448 
hypoglossal nerve 422 
hypoglyeaemia 502-503 
hyponatraemia 48-49 
hypothalamus 417,486-490, 
486, 488 

hormonesof 488 
hypothyroidism 493,494 
hypotonie solutions 42 
hypoxaemia 355 
hypoxia 355, 355 
hypoxic hypoxia 355 

ibuprofen 50 
ileoeaeeal valve 272,279 
ileum 272 

immunesystem 513-550 
acquired immunity 531-535 
blood eell development 
514-516,575 
body map 5/4 
innate immunity 523-531 
organsof 517-518,577 
response to infeetion 
541-543,547 


immunisation 543 
immunodeficiency, seeondary 
521-522 

immunoglobulins 

(antibodies) 516,525,525, 
527,535-541 
IgA 536 
IgD 537 
IgE 537 
IgG 536 
IgM 536 

normal values 578 
role of 538-539 ,538 
therapy 539-540 
immunology 514 
normal values 577 
ineisors 260,261,267 
ineontinenee 317,319 
incus 451 

infeetion, immune response 
to 541-543,547 
inferior vena eava 228,228,234, 
235,277,307,313 
inflammation 526-530,528 
glucocorticoids in 500 
ingestion 259 
inguinal eanal 373 
innate immunity 523-531 
bloodeells 524-531,525, 

526,528 

ehemieal barriers 524 
meehanieal barriers 523 
physieal barriers 523 
inorganie substances 18,19 
inspiration 345 
inspiratory reserve volume 
(IRV) 346 

insulin 274,501-502,503 
pens 502 
premixed 502 
insulin-like growth faetor 
(IFG-1) 488 
interatrial septum 228 
intereostal nerves 347 
intermediate filaments 31 
internal respiration 357,358 
international normalised ratio 
(INR) 575 
interphase 74 
interstitial fluid 36 
interventricular septum 235 
intervertebral foramen 421 
intestinal erypts 274 
intracellularfluid 35,35 
intramembranous 

ossifieation 129, 729 
intramuscular injeetions 157 


intrauterine eontraeeptive deviee 
(IUD) 389,389 
intravenous fluids 42 
intrinsie faetor 269 
iodine 287 
ionie bonds 7,8 
ions 7 

iris(ofeye) 462 
iron 287 

normalvalue 576 
urine 318 

iron defieieney anaemia 192 
iron-binding eapaeity 576 
irregular bones 139,740 
islets of Langerhans 274,500 
isotonie solutions 42 
isovolumetric eontraetion/ 
relaxation 241 

jejunum 272 
joints 140-144 

ball and soeket 142 
cartilaginous 141 
eondyloid 143 
gliding 143 
hinge 142 
pivot 142 
saddle 143 
stabilisation of 155 
synovial 141 , 142-143 

keratinoeytes 553-554,554 
kidney 301-313,302 
blood supply 311,313 
drugtoxicity 310-311 
external structures 301,302 
functionsof 309-310,310 
internal structures 303, 

303,304 

nephrons 306-308,306, 
307,375 

obstruction 305,305 
transplantation 302 
see also entries under renal 
kinins 527 
kinocilium 452 
Kupffercells 276 

labia 392 
labyrinth 451,452 
laerimal apparatus 460 
laetate 
eSF 578 
plasma 577 

laetate dehydrogenase 576 
laeteals 273,274 
lactulose 280 
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acuna 729, 136 
amellae 135, 136 
amina propria 109,266,440 
Langerhans eells 554,555 
anugo 559 

arge intestine 27S-2S0,279 
aryngopharynx 263 
arynx 337-338,338 
eg, musclesof 168, 173-174 
ength, units of 19,20,21 
eucocytes see white blood eells 
eukopenia 196 
evels of organisation 2,3 
evothyroxine 494 
_eydig eells 375,376 
imbiesystem 418 
ingual tonsils 446 
ipids 18,284 
blood 577 
faeeal 578 
ipoproteins 577 
ips 260 

iquid eonneetive tissue 107 
iver 276-278,277 
ocus 65 

ong bones 136,737 
ongitudinal eerebral fissure 415 
oopofHenle 307-308,314 
oose eonneetive tissue 
105-106,106 
otions 566 
ower respiratory traet 
336-341,337 
umbar puncture 414 
uminous intensity, units of 19,20 
ung volumes/capacities 346-347, 
346,347 

ungs 338-340,339 
uteinising hormone (LH) 489 
ymph 36,107,208,210,518 
ymph nodes 210-212,272,518, 
520-521,520 

ymphatie organs 213-214 
ymphatie system 208-214, 

209-2 72, 518-522,5 7 9 ,520 
lymphoeytes 198,798,518 
differential 578 
normal values 575 
see also B-lymphoeytes; 
T-lymphoeytes 
lymphoid eells 515 
lymphoid tissue 518,522 
lysosomes 31 
lysozyme 263, 272,523 

maerophages 103,521,524 
magnesium 47,287 


normal value 577 
urine 318 

male reproductive system 
373-382,373 
malleus 451 

marrow see bone marrow 
mass, unitsof 19,20 
masteells 103,527 
mastieation 260,262 
mean eell haemoglobin 

eoneentration (I\/1CHC) 575 
mean eell haemoglobin 
(MeH) 575 

mean eell volume (MCV) 575 
meehanieal digestion 260 
mediator eells 524 
medieine eontainers 144 
medulla oblongata 418 
meiosis 76-78, 78 
Meissner's plexus 266 
melanin 554 
melanoeytes 554,554 
melatonin 417 
membranes 107-110 
cutaneous 107 
mucous 108-109 
serous 109 
synovial 109, 109 
Mendelian geneties 79-81,80 
Mendel's first law 80,81 
Mendel's seeond law 80 
meninges 412-413,473 
meningitis 413 
menopause 387-388 
menstrual eyele 386,388,388 
Merkeleells 554,555 
mesothelium 109 
messenger RNA (mRNA) 63,69, 
70,77 

metalloids 11,11 
metals 11,11,12 
metaphase 
meiosis 78 
mitosis 75 
metaphysis 136 
metformin 501 
metoprolol ototoxicity 458 
mierofilaments 31 
mieroglia 412 
microtubules 31 
mierovilli 32,96 
renal tubules 307 
small intestine 274 
micturition 323-324 
midazolam 419 
midbrain 418 

mineraloeortieoids 497-498,498 


minerals 286, 287 
minutevolume 346,347 
misoprostol 133-134 
mitoehondria 32 
mitosis 74-76,75,77 
mitral valve see bicuspid valve 
molars 260,261,267 
molecules 6,10 
moles (naevi) 554 
moles (units) 15,16 
monoeytes 198,798,575, 
516,524 
differential 578 
normal values 575 
mononuclear phagoeytes 524 
mons pubis 392 

motor (efferent) nerves 406-411, 
407,409 

mouth (oral eavity) 259-263,260 
eareof 263 

movement 2,126,155,168, 
177,177 

mucosa, digestive system 266 
mucosal membranes 523 
mucous membranes 108-109 
multiple selerosis 408,529-530 
muscular dystrophy 159 
muscular system 110-112, 

153- 183 
bodymap 754 

eardiae muscle 112,154,155, 
226,227, 235 
functionsof 155-156 
skeletal muscle see skeletal 
muscle 

smooth muscle 111, 

154- 155,154 
muscularis mucosa 266 
myasthenia gravis 163 
myelin sheath 408 
myeloid eells 515 
myenterie plexus 266 
myoeardial infaretion 

232-233, 244 
myocardium 226,227 
myoeytes 227 
myofibrils 158,159,226 
myofilaments 158 
myoglobin 157,158,159 
myometrium 391 
myopia 466,467 
myosin 159, 762 

nail blaneh test 563 
nails 562-563,562 
naproxen 50 
nasal eonehae 335,336 
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nasopharynx 263 
natural killer eells 575,541 
nausea and vomiting 271 
nebuliser 340 
neek, muscles of 166 , 169 
Neissner's corpuscles 559 
Neissner's plexus 266 
nematode therapy 537 
neonatal body fluids 39 
nephrons 306-308,306,307,375 
nephrotoxic drugs 310-311 
nerve impulse propagation 409 
nerves 406 
eranial 420,427,422 
motor (efferent) 406-411, 

407,409 

sensory (afferent) 405, 
408-409 

spinal 421,423-425 
nervous system 403-438 
autonomic nervous 
system 406,426-429,427, 
428, 429 
body map 404 
eentral nervous system 405, 

415-425,4 76,4 77,422-425 
organisation 404,405 
peripheral nervous 
system 419-420 
somatie nervous system 406 
vs. endoerine system 480 
see also individaal parts 
nervous tissue 112,772 
neuroglia 112,411-412,472 
neurones 112,406,407 
eell body 408 
neurotransmitters 411 
neutral solutions 15 
neutrons 4-5,5 
neutrophils 196-197, 796, 
575,524 

normal values 575 
nitrogen, faeeal 578 
nodaleells 237-238,238 
nodes of Ranvier 408 
noise exposure 458-459, 
458-459 

non-metals 11,11,12 
non-steroidal anti-inflammatory 
drugs see NSAIDs 
noradrenaline (norepinephrine) 
411,426,496-497 
normalvalues 575-578 
NSAIDs 50,133-134 
nuclear membrane 75,76 
nuclear spindle 75,76 
nucleic aeid see DNA 


nucleolus 32,75 
nucleoplasm 30 
nucleosomes 65 
nucleotides 63-65 
nucleus 30,32,62 
null eells see natural killer eells 
nutrition 281-286,282 
balaneed diet 282-283 
earbohydrates 283 
fats 18,284 
food pyramid 282 
minerals 286, 287 
proteins 284 
vitamins 285,286 
water 283 

obesity 286 

bariatrie surgery 282 
oculomotor nerve 422 
oedema 211 

oesophagus 264-265,265 
oestrogens 385-386 
ointments 566 
olfaetory epithelium 440 
olfaetory nerve 422 
olfaetory reeeptors 441 
oligodendroeytes 412 
omeprazole 265 
oneotie pressure 37 
ondansetron 271 
ooeytes see ova 
oogenesis 385,387 
opsonins 525,525,539 
optie nerve 422 
orchidopexy 375,380 
organofGorti 457,457 
organelles 75 
organie substances 18-19 
oropharynx 263 
osmolality 
plasma 577 
urine 578 
osmosis 42-43,42 
osmotie pressure 37,37 
ossieles 451 

ossifieation 128,129-130 
endoehondral 130, 737 
intramembranous 129, 729 
osteoarthritis 132 
osteoblasts 104 
osteoelasts 133,493 
osteoeytes 104 
osteomyelitis 131-132 
osteon 736 
osteoneerosis 132 
osteoporosis 127 
otoliths 454,455 


ototoxicity 458 
ova 76 

ovarian cortex 384 
ovarian eyele 388 
ovarian medulla 385,385-386 
ovaries 384 
oxygen 4,19,351 
levels 355 

transport 195,353-355, 

354, 355 

oxygen eapaeity 353 
oxygen consumption (VO^)/ 

oxygen extraction ratio 353 
oxygen debt 164 
oxygen delivery (DO^) 353 
oxygen saturation (SaO^) 353 
oxyhaemoglobin dissoeiation 
curve 354 
oxytocin 487 

paeemaker eells 237-238,238 
paeemakers 237-238,238 
PaeO^ 353,577 
palate 260,261 
palatine tonsils 260,261,446 
panereas 274-276,275, 

500-504 

hormonesof 501-504 
panereatie duct 275 
panereatie juice 275 
Paneth eells 272,273 
panieattaeks 426 
PaO^ 353,577 
paraeetamol 425 
paraerine 481,483 
parasympathetie nervous 
system 426,428,429 
parathyroid glands 497,494-495 
parathyroid hormone 52 
parenehyma 112-113 
parietal eells 269 
parietal pericardium 225 
parotid glands 262,262 
partial pressure of arterial oxygen 
(PaO^) 353,577 

partial pressure of earbon dioxide 
(PaeO^) 353,577 
passive immunisation 543 
pathologieal fractures 127 
peak expiratory flow rate 
(PEFR) 347 

pelvie muscles 168 , 773-774 
penis 380-381,387 
pepsin 269 

percutaneous eoronary 
intervention 233,233 
perieardial fluid 225 
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pericardium 225 
perichondrium 106 
perimetrium 391 
perimysium 157 
periodie table 11 
peripheral nervous 
system 419-420 
motor (efferent) division 
406-411,407,409 
sensory (afferent) division 405, 
408-409 

peristalsis 265, 267 
peritoneal dialysis 312 
peritoneum 267 
peritonitis 109 
peroxisomes 32 
personal hygiene 557 
Peyer's patehes 209, 272,5/9 
pH 15-17, 76, 77 
blood 17,356,577 
urine 318 

phagoeytes 524,528 
phagoeytosis 44,44,521, 
524-526,525,526 
pharyngeal tonsil 336,336 
pharynx 263-264 
phenotype 67 
phenytoin 419 
phosphate 48 
normal value 576 
urine 318 

phospholipid bilayer 32 
physiology xxvi-xxviii, 1-28 
pia mater 413,420 
pilosebaceous unit 560 
pineal gland 417 
pinoeytosis 44,44 
pituitary gland 486-490,486, 488 
hormones of 488-490, 488 
pivotjoints 142 
plantar flexion 177 
plasma 36, 787,188, 189 
osmolality 577 
plasmaeells 103,516 
plasma membrane 32 
plasma viseosity 575 
platelet count 575 
platelets 199,515,575,516,524 
aggregation 199 
plieae circularis 274 
pneumotaxic eentre 347 
pneumothorax 110 
spontaneous 340 
podoeytes 307 
polarbonds 10,70 
polarisation of nerve eell 
membranes 409 


polarity 10 
polesofeell 75,76 
polymorphonuclear 
leucocytes 516 
polymorphonuclear 
phagoeytes 524 
pons 418 

posterior median sulcus 420 
posture 155 
potassium 47,287 
aetion potential 409,470 
intravenous 46 
normal value 576 
urine 318 

potential differenee 20 
prednisolone 341 
prefixes and suffixes xxix-xlii 
pregnaney 
amniotie fluid 38 
eetopie 391 

prevention of see eontraeeption 
skeletal development 128 
see also female reproductive 
traet 

preload 243 
premolars 260,261,267 
presbyopia 466,467 
pressure 4, 20 
procarboxypeptidase 275 
product 13 

progesterone 385-386 
prolaetin 489 
pronation 177 
prophase 
meiosis 78 
mitosis 75 
prostaglandins 527 
prostate gland 377,382 
proteetive function of skin 565 
proteins 19,284 
blood 787,189,576 
synthesis 67-72, 68, 70-72 
urine 578 
prothrombin 189 
prothrombin time 575 
protons 4-5,5 
proximal convoluted tubule 
307,314 

pseudogout 49-50,49,50 
pseudopodia 525,525 
pseudostratified columnar 
epithelium 100, 700 
pulmonary tuberculosis 352 
pulmonary valve 229 
pulmonary ventilation 343-345, 
343-345, 344 
pulpcavity 262 


pulse oximetry 355 
Purkinje system 236,236 
pyelonephritis 309 
pylorie eanal 267 
pylorie sphineter 267 
pyridostigmine 163 

ramipril ototoxicity 458 
reeeptors 18 
reeessive genes 66,81 
rectum 279 

red blood eells 787,190-195, 
575,516 
folieaeid 576 
formation 190, 797, 

192-194, 794 

haemoglobin 191-192, 793 
lifeeyele 194-195, 795 
respiratory gas transport 195 
refraetion 465,465 
refraetory period 409 
regeneration 113 
renal calculi 305,305 
renal capsule 301 
renal cortex 303,303,304 
renal dialysis 312,372 
renal faseia 301 
renal medulla 303,303,304 
renal pelvis 303,303,304 
renal system 299-332,30/ 
body map 300 
kidney 301-313,302 
micturition 323-324 
ureter 320,320 
urethra 322-323,323,324 
urinary bladder 
320-322,327 

urine formation 313-319,314, 
375,318,319 
renal transplantation 302 
renin 309 
renin-angiotensin 
system 207-208 
repolarisation 242,470 
reproduction 2 
reproductive systems 
371-402 
bodymap 372 
female 382-394 
male 373-382 
residual volume (RV) 346 
respiration 2,341,342 
external 348-352,357 
internal 357,358 
respiratory eentre 347,348 
respiratory failure type 2 356 
respiratory rate 348 
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respiratory system 333-369 
aeid-base balanee 189, 
355-357 ,357 
blood supply 341,342 
bodymap 334 
eontrol of breathing 347 ,348 
external respiration 348-352 
gastransport 352-355,353, 
354,355 

lower respiratory traet 
336-341,337 
organisation of 334,335 
pulmonary ventilation 
343-345,343-345, 344 
upper respiratory traet 
335-336,336 

ventilation and perfusion 352 
responsiveness 3 
reticular fibres 105 
reticular formation 418 
reticulartissue 106,106 
reticulocyte count 575 
retina 462-464,463 
focusing images onto 465-467, 
465-467 

rhesus faetor (Rh) blood group 
system 203 

rheumatoid disease 528 
ribonucleic aeid see RNA 
ribosomal RNA (rRNA) 69 
ribosomes 32,63 
RNA 63 

rod eells 462-464,463 
roid rage 165 
rotation 177 
rugae 268 

saccule 453-454 
saddlejoints 143 
salbutamol 340 
saliva 524 

salivary amylase 263 
salivary glands 262-263,262 
saltatory conduction 409 
sareolemma 157,158 
sareomeres 159 
sareoplasm 157,158 
sareoplasmie reticulum 158 
satellite eells 411 
scartissue 113 
Schwann eells 408,411 
selera 460 

scrotum 379-380,379 
sebaceous glands 560 
sebum 560,566 
seeretin 271,272,276,281 
seeretory IgA 536 


seeretory vesieles 32 
semen 524 

semicircular eanals 451,452,453 
semilunarvalves 229,240,241,242 
sensation 563 
senses 439-478 
equilibrium/hearing 449-459 
sight 459-469,459 
smell (olfaetion) 440-445, 
442,443 

taste 445-448,446,447 
sensory (afferent) nerves 405, 
408-409 

serosa (adventitia) 267 
serotonin 527 
serous membranes 109 
serous pericardium 225 
sesamoid bones 139, 747 
sex ehromosomes 65 
short bones 136, 738,139 
shoulder muscles 167,770-772 
Slunits 19-21,20,21 
multiplesof 20 
sickeuthyroid syndrome 493 
sight 459-469,459 
sigmoid eolon 279 
simplediffusion 40,47 
simple epithelium 97-100, 

98-7 00 

sinoatrial node 235,237 
skeletal muscle 1 1 0, 7 70-7 7 7, 

154,155 

aerobie respiration 163-164 
age effeets 177 
blood supply 160 
eomposition 156 
eontraetion and 

relaxation 160-163, 760, 762 
energy sources 163,764 
fatigue 165 
fibretypes 159 
grossanatomy 156-157, 756 
mieroanatomy 157-159, 
758,158 
motorunit 760 
movement 168,177,177 
muscle names 166-168 
organisation of 165-168, 
166-168, 769-776 
oxygen debt 164 
skeletal muscle pump 243 
skeletal system 121-152,725 
appendicular skeleton 123,124 
axial skeleton 123,123 
body map 722 
bonesee bone 
joints 140-144,142-143 


skin 551-574 

aeeessory structures 559-563, 
560-562 
biopsy 555 
bodymap 552 
dermis 558-559,559 
epidermis 553-558,554, 

556, 556 

functions of 563-567 
as immunological barrier 523 
small intestine 272-274,272,273 
smell (olfaetion) 440-445, 

442,443 

smooth muscle 111,154-155,154 
sneezing 523 
Snellen ehart 468,468 
sodium 47,287 

aetion potential 409,470 
hyponatraemia 48-49 
normal value 576 
urine 318 

sodium valproate ototoxicity 458 
soft palate 260 
somatie nervous system 406 
somatostatin 504 
speeifie gravity of urine 318 
speetrin 190 
spermatie eord 382 
spermatogenesis 375-376,376 
spermatozoa 76,376-377,377 
spinal aeeessory nerve 422 
spinal eord 420-425,422-425 
eompression 424 
spinal nerves 421,423-425 
spindle fibres 75 
spirometry 347 
spleen 213,518,522 
spongybone 136,139 
spontaneous mutation 86 
spontaneous pneumothorax 340 
sputum 350 

squamous epithelium 97-98,98 
stagnant (circulatory) 
hypoxia 355 
stapedius 451 
stapes 451 
statoeonia 454 
stem eells 112,516 
stereobilin 194,280 
stereoeilia 452 
steroids 341 
roid rage 165 
topieal 563-564 
stomaeh 267-274,267 
gastrie glands 268 
gastrie juice seeretion 
269-271,270 
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strands (of DNA) 64 
stratified epithelium 100-102, 
101, 102 

stratum basale 556,557 
stratum corneum 556,557 
stratum granulosum 556,557 
stratum lucidum 556,557 
stratum spinosum 556,557 
stress ineontinenee 317 
stress response 499 
striated muscle see skeletal 
muscle 

strokevolume 243-244 
stroma 106,112-113 
submucosa 266 
sulphate 48 
urine 318 

superior mesenterie artery 272 
superior mesenterie vein 272 
superior vena eava 228, 228, 

234 ,235 
supination 177 
surfactant 345 
swallowing 263-264,264 
sweat 524, 566 

baeterieidal properties 523 
sweatglands 561-562,56/ 
sympathetie nervous system 426, 
427 ,429 
symphyses 143 
synehondroses 143 
syndrome of inappropriate ADH 
seeretion (SIADH) 487 
synovial membranes 109, 109 
systole 240-241,240 

Ttubules 157,158 
T-effeetor lymphoeytes 516 
T-helper lymphoeytes 516, 
532-533 

T-lymphoeytes 575,516,517 
eell-mediated immunity 

531- 533,532 
cytotoxic 526,532 

T-suppressor lymphoeytes 516, 

532- 533 
taeniaeeoli 280 

taste 445-448,446,447 
taste buds 445,447 
taste disorders 448 
taste reeeptors 446-447 
tears 523, 524 
teeth 261-262,26/ 
telophase 
meiosis 79 
mitosis 76 

temperature, units of 19, 20 


tensor tympani 451 
termination eodon 72 
testes 373-375,374,379 
eryptorehidism 375 
hormonal influences 
377-378,378 
testiculartorsion 380 
testosterone 377-378 ,378 
tetany 227 
thalamus 417 
thermogenesis 156 
thermoregulation 564 
thigh muscles 168, 173-174 
thoraeie muscles 167,772 
thoracicolumbar division 426 
three-parent babies 73 
thromboeytes see platelets 
thrombolysis 232 
thymine 64 

thymus 214,516,517,5/7 
thyroid gland 490-494,49/, 492 
thyroid stimulating hormone 489 
thyroxine (T^) 245,490-492 
tidal volume (V^) 346,346 
time, unitsof 19,20 
tissue 95-120 

eonneetive 102-107 
epithelial 96-102 
muscle 110-112,153-183 
nervous 112, 112 
tissue repair 112-113 
tongue 260,446 
tonometry 465 
total body water 39 
total lung eapaeity (TLC) 346 
trabeculae 520 
traehea 338 
transcellular fluid 36 
transeription 68-69 
transdermal patehes 565 
transfer RNA (tRNA) 63,69 
transferrin, normal value 576 
transitional epithelium 
101, 102 
translation 69 

transmembrane proteins 33-34, 
34,35 

transport systems 40-45 
aetive transport 43-45,43 
blood 188 

faeilitated diffusion 41,4/ 
filtration 43 
osmosis 42-43,42 
simplediffusion 40,4/ 
transverse (T) tubules 157,158 
tricuspid valve 228,240 
trigeminal nerve 422 


triiodothyronine (T^) 490-492 
triplets (RNA) 89 
troehlear nerve 422 
tropomyosin 159 
troponin 159,577 
trypsinogen 275 
tuberculosis, pulmonary 352 
tunica albuginea 385 
tunica externa 205 ,206 
tunica interna 204,205 
tunica media 205,206 
Turner syndrome 63 

umami 445,446 

units of measurement 19-21, 

20,21 

unstriated muscle 111 
upper respiratory traet 
335-336,336 
urea 189 
normal value 576 
urine 318 
ureter 320,320 
urethra 322-323 
female 323,324 
male 322,323 
urge ineontinenee 317 
uricacid 126,189 
normal values 577 
urine 318 

urinary bladder 320-322,32/ 
urinary ineontinenee 317,319 
urine 

albumin/creatinine ratio 577 
eharaeteristies 318,319 
eomposition 317,318 
micturition 323-324 
normal values 578 
urine formation 313-319,3/5, 
318,319 

excretion 314-315 
filtration 313 

hormonal eontrol 315-316 
seleetive reabsorption 
313-314,314 
urobilin 194 
urobilinogen 194 
faeees 578 
urine 578 
uroporphyrin 578 
uterus 390, 390, 391 
utricle 453-454 
uvea 461-462 
uvula 260, 261 

vaeeination 543 
vagina 391 
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vagus nerve 422 
valenee 7 
valenee eleetrons 5 
vallate papillae 445,446,447 
Valsalva manoeuvre 280 
valve stenosis 229 
valvular ineompetenee 
(regurgitation) 229 
vas deferens 382 
vasoeonstrietion 199 
vasomotor eentre 245, 

246,418 

vasopressin see antidiuretic 
hormone 

veins 204-206,205,206, 206 
superior mesenterie vein 272 
superior vena eava 228, 228, 
234,235 


ventilation/perfusion ratio 
(V/Q) 352 

ventrieles (brain) 4/4 
ventrieles (heart) 229 
vermiform appendix 278-279,279 
vestibulocochlear nerve 422 
Viagra (sildenafil) 381 
villi 273,274 
viseeral pericardium 225 
visual acuity 468,468 
vitamins 285,286 
vitamin 285 
normal value 576 
vitamin D 285 
synthesis 567 
vitreous humour 464 
Volkmann eanals 135 
volume 20,21 


vomer 335 
vulva 392 

water 4,19, 283 
balanee 48 

defieieney 38,39-40,565-566 
weight 21 
VVernieke's area 417 
white blood eells 103,/87, 
196-198,524 
formation 190, 191 
see also speeifie types 
white eell count 575 

X-linked reeessive disorders 
85,85 

zine 577 
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